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HEC -4
MONTHLY STREAMFLOW SIMULATION

HYDROLOGIC ENGINEERING CENTER
COMPUTER PROGRAM 723-X6-12340

1. ORIGIN OF PROGRAM

This program was trepared in The Hydrologic Engineering Center, Corps
of Engineers. Up-to-date information and copies of source statement cards
for various types of computers can be oblained from the Center upon reguest
by Government and cooperating agencies. Programs are furnished by the
Scvernment and sre acrepted and uscd U, the recipient upon the express unaer-
standing that the United States Government meskes no warranties, express or
implied, concerning the accuracy, completeness, reliability, usability, or
suitability for any particular purpose of the information and data contained
in the prorrams or furnished in connection therewith, and the United States
shall be under no lisbility whatsoever to any person by reason of any use
made thereof.

The programs belons to the Government. Therefore, the recipient further
aprees not to assert any proprietary rights therein or to represent the
programs to anyone as other than a Government program.

2. PURPOSE OF PROGRAM

- - This program will anslyze monthly streamflows at & number of inter-
relat=d stations to determine their statistical characteristics and will
generate a sequence of hypothetical streamflows of any desired length havine
those characteristics. It will reconstitute missing streamflows on the
pasis of concurrent flows observed at other locations and will obtain mexi-
mum and minimum quantities for each month and for specified durations in
the recorded, reconstituted and generated flows. It will also use the
7eneralized simulation model for generating monthly streamflows at ungaged
locations based on resional studles. There are many options of using the
prosram for various related purposes, and it can be used for other variables
such as rainfall, evaporation, and water requirements, alone or in combination.

3. DESCRIPTION OF EQUIPMENT

This program requires s FORTRAN IV compiler, a random number generator
(function RNGEN included, see exhibit 2), and a fairly large memory (6LK on
the CDC 6600). Provision is made for use of three scratch tapes, 7 (for
punched output), 8 and 9,

h. METHODS OF COMPUTATION
a. In the statistical analysis portion of this program, the flows

for each calendar month at each station are first incremented by 1 percent
of their calendar-month average in order to prevent infinite negative
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logarithms. This increment is later subtracted. The mean, standard deviation
and skew coefficients for each station and calendar month are then computed.
This involves the following equations:

- : (1)
Xi,m = log (Qi,m ) qi)
N
X =3 X, /N (2)
i =1 i,m
N = 42
s, = [= (x oK) /(§-1) (3)
m=1 ?
. =13 3
g = N 3 (X, -X)° / ((N-1)(N-2)s]) (4)
i im "1 i
m=1
in which:
X = Logarithm of incremented monthly flow
@ = Monthly recorded streamfiow
q = Small increment of flow used to prevent infinite logarithms

for months of zero flow

Mean logarithm of incremented monthly flows

Total years of record

Unbiased estimate of population standard deviation
Unbiased estimate of population skew coefficient
Month number

Year number

g =g =)
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b. For each station and month with incomplete record, a search is
made for longer records among the stations used, to find that which will
contribute most toward increasing the reliability of the statistics com-
puted from the incomplete record. The mean and standard deviation are
then adjusted. Equation 5 is used to compute the equivalent record required
to obtain statistics equally reliable to these adjusted statistics and is
the basis for selecting the best record to be used in the adjustment.
Equations 6 and 7 are the adjustment equations.

Nl = T (5)




i& X (ig - ié) RSl/52 (6)

ny

s, -8, = (S, -5, RQSI/S2 (7)

The primes indicate the long-period values and those without primes
are based on the same short period for both stations 1 and 2, and:

N
R

Length of record
Linear correlation coeft'icient

fton

¢. Each individual flow is then converted to a normslized standerd _
variate, using the following approximation of the Pearson Type IIT distrioution:

t = (X

-X ]
i,m i,m xi) / Sy (8)

a
li

6/z, ey, of2) + M3 <1] + g /6 (2)

Pearson Type III standard deviate
Normal standard deviate

=
noi

d. After transforming the flows for all months and stations to normal,
the zross (simple) correlation coefficlients R between all pairs of stations
for each current and vpreceding calendar month are computed by use of the
Tollowing formula:

N N N
2 2 2
R ={1-[1-(2 x, x X T x )
i,i-1 { [ =1 i,m 1-1,m) /( mz=l i,m =1 i-1,m ]

(N-l)/(m-z)} (10)

in which:




e. If there are insufficient simulteneous observations of any pair of
variables to compute a required correlation coefficient, that value must be
estimated. Each missing value is estimated by examining its relationship
to related pairs of values in the current and preceding month by use
of the following formula using i, j, and k subscripts to indicate variables
used in the gross correlation.

2 2
Ry 7 PP 2 «/[(1 "Ry ) (1= RyyD) (1)

Since, in order to be consistent with the two related correlation coefficients,
the correlation coefficient must lie between the limits given by equation 11,

) the lowest wper limit and highest lower limit are established for all related

: pairs, and tie average of these two limits is taken as the estimated correla-

r tion coefficient.

S f. Monthly streamflows missing from the records of the various stations

! are estimated for all stations for each month in turn. Accordingly, when-

! ever a missing flow is being reconstituted, there always exists & valid
value for all stations already examined that month and for all remeining
stations in either the current or preceding month. For these remaining
stations, the current value is selected where available; otherwise the
rrecedine value is used. In order to reccnstitute the missing value, a
re~ression equation in terms of normal standard variates is computed by
selecting required coefficients from the complete correlation matrix for
that month and solving by the Crout method (See exhibit 1), The missin~
value is computed from this repression equation, introducing a random
component equal to the nondetermination of the equation, as discussed in
the streamflow generation procedure.

| . It has been found that valid use of the regression technique requires
f that all correlation coefficients agree with the data that will be substituted
into the equations and that the correlation coefficients be mutually con-
sistent. Inconsistency in the correlation coefficients causes the dependent
variable to be over-defined and is evidenced by a determination coefficient
oreater than 1.0. If this occurs (because of incomplete data), the inde-
pendent variable contributing least to the correlation is dropped, and a
new rerression equation is computed. This process is repeated as necessary
until consistency is reached (which must occur by the time that only one
independent varisble remains). 1In order to make the correlation matrix
consistent with the data matrix, sll affected correlation coefficients
are recomputed after each estimate ol missing data.

h. Normal standard deviates are then converted to flows by use ol the
followins equations;




] : 113 . ,
o = {[e/O0 - g6 1 1] 1} e/, (12)
xi,m = X + ti’msi (13)
Qi’m = Antilog xi,m - qy (1%)

imposing the constreaint:

Y T o0 (15)
L

i. When the cet of flows 1is complete, all correlation matrices should
be consistent except for truncation errors in the computer, since the data
arrays are complete. Any consistency of matrices obtained in this manner
or of matrices read into the computer will result in determination coefficients
greater than 1.0. If this occurs, consistency of each correlation matrix is
assured by first testing all combinations of triads of correlation coef-
Ticients in the current and preceding month for all calendar months using
eqg:ation 11 and raising the lowest of the three coefficients to obtain
a consistent triad. The test of consistency of esch complete matrix is
made by recomputing the multiple correlation coefficient. If this value
is creater than 1.0, further adjustment is required. Such further adjust-
~ent is obtained bs Introducing a coefficient, successively smaller by
0.2, on the radical in egquation 11 and repeating all triad consistency
tests until all matrices are consistent. If consistency is not reached,
coelTiclents in each inconsistent matrix are moved toward the average
value of all coefficients in that matrix until consistency 1is reached.

j. Generation of hypothetical streamflows ls accomplished by computing
a regression equation, by the Crout method (described in exhibit 1) for
each station and month end then computing streamflows for each station in
turn for one month at a time using the following equation. This process
is started with average values (zero deviation) for all stations in the
first month and discarding the first 2 years of generated flows.

] ] t t
Ki, 7 /31K1,1 +B°K1,’> e ¥ Bj-1K1,3-1 +BJK1-1,j "

] ] 2
B,j+lK1-l,j-=l P +BnK1-l,n t R %3 (16)
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in which:

K = Monthly flow logarithm, expressed as a normal standard
deviate

= Beta coefficient computed from correlation matrix
= Month number

Station number

= Number of interrelated stations

= Multiple correlation coefficient

N X OB e R
]

= Random number from normsl standard population

k. Maximum, minimum and average flows are obtained for the entire
veriod of flows as recorded and for specified periods of reconstituted
and generated flows by routine search technique.

1. Provision is also included in this program for use of the generalized
model requiring only L generalized coefficients for each station (in place
of L8) and one peneralized correlation coerficient (in place of 12) for each
pair of stations, in addition to identification of wet and dry seasons for
each station, These are defined as follows:

(1) The average value of mean logarithms of flows for the wet
season (3 months). This value plus 0.2 is applied to the middle month
and tlhe averace minus 0.1 is applied to the other 2 months.

(2) The average value of mean logarithms of flows for the drv
seacon {3 meaths). This is apulicd to all 3 Ary months. Menn logarithms
“or months between dry and wet seasons are interpolated linearly.

(3) The average standard deviation for all 12 months. This is
aprlied to each of the 12 months.

(4) The averase serisl correlation zoefficient for all 1? monthg,
This value minus -15 (but not less than zero) is applied to each wet-gseason
month, and the value plus .15 {but not more than .98) is applied to each
dry-season month. The average value is applied to all intermediate months.

(5) The average interstation correlation coefficient for all 12
months is applied to each month for that pair of stations.

m. Because of limitations in computer memory size and because of
increasing change of computational instesbility with larger matrices, the
number of stations usable simultaneously in this program has been limited
to 10. However, the program can reconstitute and generate streamflows for




any number of stations in groups of 10 or less. It will ordinarily be
desirable to include one or more stations from earlier groups in each
successive group in order to preserve important correlations. 1In
addition to providing flow data for all stations, it is necessary to
iesignate NPASS and to follow each group of flow data with a standard-
‘ormat card with NSTX (number of stations in next pass tnat were aiso
ned in preceding passes) and station identification numbers for those
stations. These numbers must bte listed in the same sequence as their
data were arranged in earlier passes. Data for the new stations for the
new pass should then be read. None of these flows can occur in a year
later than the latest year for which flow data occurred in the first pass.

n. As soon as flows are reronstituted for any pass, they are read
onto the flow tape. After statistics are computed from transformed
reconstituted flows, thev are read onto the statistics tape (after
identification of stations in the vass for future reference). Final
rerression equation data for each pass are read onto the same tape at the
same time (for use in seneration later). For each new pass, the flow
and statistics tapes are searched separately for data for those stations
aiready used that alsc occur in the new pass. In order to read and write
intermittently and alternatively on the same tapes, it is necessary to
veen tra~¥ of tape records so as to assure that any read statement does
not read beyond the record mark and so that new write statements occur
at the end of all previous write statements that are to be saved.

o. Once that statistics are put on tape, they are retained throughont
the reconstitution and generation processes. Flows, however, are saved
only for the set of data in which they were reconstituted or genersated,
until the last pass for that set is completed. In the generation process,
it is necessary to save the last flow generated for each station in one
set [or nse as the antecedent flow in starting generation in the unext
set. These are saved in the QSTAP array with subscript IGTAP.

INPUT

Input is summarized in exhibits T ana 8. ©Dala arec entered consecu-
tivel:; on each card usins & simple variety of formats to simplify punching
and handling cards. Computed and generated flows cannot be 1,000,000 units
or larrer, and consequently must be expressed in units that cannot exceed
this magnitude. Units should be indicated on one of the 3 header caras.
Zolumn 1 of each card is reserved for card identification. These are isnored
by the computer except for the A in column 1 of the first header card, which
is used to identify the first data card. An example of input is given in
exhibit 3. Certain inadequacies of data will abort the job and waste input
cards until the next card with A in column 1 is reached. A card with A
in column 1 followed by 4 blank cards causes the computer to stop.

-~




6. OUTPAUT

Printed output includes key input information for job identification
and all results of computations. Generated flows are put on magnetic
tape, and computed statistics are punched on cards in the format usable
later b the program. An example of printed output is siven in exhibit b,
7. OPERATING INSTRUCTIONS

Standard FORTRAN IV instructions and random number generator are
required. No sense switches are used.

3. DEFINITIONS C¥ TERMS

Terms used in the program are defined in exhibit s .

o, PROPOSED HITURE DEVELOPMENT
F There are cases where the model used herein does not reproduce histori~al

droiuc-hts with reasonable frequency. Consequently, the model is under
-ontinuous study and development. It is reguested that any user who finds
an inadequacy or desirahle addition or modification notify The Hydrologic
rn-ineering Center.




EXHIBIT 1

DETAILED EXPLANATION
OF
COMPUTER PROGRAM

GENERAL

Much of the program is explained by comment cards and definitions
of variables. Supplementary explanation follows, referring to sections
identified with the indicated letter in columm 2 of & comment card.

SECTION A

Correlation coefficients, R, and beta coefficients, B, are in double
nrecision for matrix inversion computation, in order to minimize computa-
tional instability. Correlation coefficient, RA, as originally computed
and stored, may be defined in sincle precision. For computers with word
len~th smaller than 32 bits, many other variables in this program should
ve in double precision.

When dimensions are chanred, the corresponding variable (starting
with ¥) should te changed accordingly, as these are used to prevent
exreedence of dimensions. If an excessive subscript is used, the job
will be dumped until a card with A in column 1 is encountered, at which
time a new jor 1s automatically started. If 5 blank cards (with an A
in column 1 of the first) are encountered, the run will be terminated.

Job specification cards are read in this section.
SECTION B

NSTAX is number of columns in correlation matrix. These consist of
H5TA columns for the current-month values and a similar number for ante-
redent-month values. NSTAA is initial column number for antecedent-month
coefficients. These are computed from NSTA, which is read in 1f statistics
are to be provided, rather than computed from rew data. If raw date are
to be used, NSTA is defined in the program later and NSTAA and NSTA must be
also. Data for each new pass are processed after transferring back to
statement L2. In the multipass operation, NSTX is the number of stations
used from previous passes and NSTXX 1is the subscript of the first new
station for the current pass. Station identification for the NSTX stations
must be in the order in which data for those stations were originally used,
because search of data and statistics on tape is made in this order. Flows
Tor these stations are read from tape IQTAP, and corresponding statistics
'rom tape ISTAT., Variables LQTAP and LSTAT are used to keep track of tape
position for subsequent writing.

*Provided through the cooperation of the Texas Water Development Board.
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Months are identified consecutively by the variable M starting with
the month preceeding the first year of data. Some quantities to be
accumulated are initialized. Station combination data are stored for
the purpose of obtaining maximums and minimums (section D) of weighted
flow values later. Tandem stations are identified for cases where a
check on consistency of generated quantities is deemed appropriate.
Station identification numbers are set to a large number so they will
not be undefined. The flow array is filled with -1 values to indicate
missing values. For each station and calendar month, the total flow and
number of recorded values are computed for computing a flow increment
and other statistics later. The minimum flow for each station month
is also computed in order to avoid negative logarithms later.

SECTION C

Station data can be read in random order. Stations are identified
by subscript in the order in which date for each station are first reed.
The year subscript is computed. Negative subscripts will occur if data
are for years earlier than the starting year indicated on B card, and
data for these are rejected, with diagnostic printout. The stations
are counted and the flows for eacih month at each station are counted for
the purpose of computing frequency statistics later. If the number of
stations or years exceeds its dimension limit, the job is aborted. The
number of stations is permanently stored in the NSTNP array for later
identification in multipass operations. The remainder of this section
is self explanetory, except to state that permanent identification
station numbers are given for stations in combination, for tandem stations,
and for consistency-test stations, and subscripts are identified for rapid
computation later.

SECTION D

In this section, maximum and minimum recorded flows for each calendar
month , the water year and for durations of 1, 6, and 54 months, and average
flows are computed for each station and combination. Durations do not
span a break in any record. Quantities are rounded off and printed in
fixed-point format.

SECTION E

The logarithm transform of flows is accomplished here. Missing
values are indicated by an impossibly large number (the -1 used for
missing flows 1s a reasonable logarithm and therefore cannot be uged
for missing logarithms). Before the log transform, the average flow
for each calendar month at each station is computed end one (constrained
to a minimum of 0.1 flow unit) is added to each flow. If the minimum '
observed flow for that station month is negative, that absolute value

EXHIBIT 1




is also added before the transform. After the logarithm transform,
frequ.ency statistics for each calendar month and station are computed.

An increment needed to convert the logarithms to an approximately normal
distribution is also computed as an alternative future transform. Log-
arithms to the base 10 are used so that statistics are comparable to
other commonly used statistics. A variable IRCON is set to 1 1if any
missing values are encountered, so that the flow reconstitution routine
will be called later., A variable INDC is set to 1 if the first approxi-
mation of increments causes any one of the skew coefficients to be
smaller than 0.1 or larger than 0.1. In an optional routine that follows,
the increment for each station and calendar month is adjusted individually
and iteratively (up to 1k trials) until skew is within 0.1 of zero.

Stations with less than three years of data for any calendar month
are deleted, since skew and correlation computations require at least
three items of data.

SECTION ¥

Correlation matrices are computed here for the purpose of adjusting
frequency statistics Tor short-record stations. All correlation coef-
ficients are first set to -4.0 in order to identify those not computed
later for lack of su{ficient observed data. Then accumulations of the
various quantities required are computed for all items above the main
diagonal in the correlation matrix for each month, using all data common
to the two stations involved. If more than two items of data are avail-
able, the correlation coefficients are computed. Coefficients for the
main diagonal are set to 1.0, and those below the main diagonal are set
equal to their symmetrical element. Coefficients between the current
and preceding month's values are simllarly computed. These items con-
stitute an extension of the matrix to the right, which doubles its size,
and the new portion is not necessarily symmetricel. Similar complete
arrayvs o average values and root-mean-gquare values for only those log-
arithms common to each pair of stations are found for later use in
adjusting statistics.

A search is then made to determine the station that would be most
useful in adjusting statistics for station months with incomplete record,
and the means and standard deviations are adjusted in accordance with the
following equations:

v - L (st _ 2a /g
Sl Sl ‘ (82 Se) R Sl/ 2
'y - v Y! - ¢ o
X; = X3+ (X - X)) B5) /8,

where primes indicate long-period values, subscripts are 1 for the short-
record station and 2 for the long-record station and,
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X = mean locarithm
S = standard deviation o!r the logarithms
R = correlation coefficient.

An optional check of consistency of standard deviations between
ad jacent stations for the same month is next made. This is to assure
that frequency curves do not cross within three standard deviations
from the mean. If there is a conflict, the standard deviation of that
station designated in the input datas as the dependent variable is modi-
fied accordingly. All frequency statistics are then printed out.

SECTION G

Al]l flows are next standardized by subtracting the mean and dividing
by the stendard deviation for the month and station. An approximate
Pearson Type III transform is then applied as follows:

K = 6[(.5gt+1)1/3-1]/g+g/6

where:
K = normel standard deviate
t = Pearson Type III standard deviate
g = skew coeflicient

New correlation matrices are then computed, based on the normalized
variates and using the same standard procedures previously employed for
correlating logarithms. The sign of the correlation coefficient is
preserved, since the coefficient will be used to establish regression
equations. Correlation coefficients are set to zero if the varilance
of either variable approximates zero, since the computation of the coef-
ficient is highly unstable and since 1ts use would be of little value.

SECTION H

For jobs where rorrelation data are given, the portion of the
rorrelation matrix above the main diagonal for all months and the
entire correlation matrix relating current and preceding month's
values are read, with a different card for each pair of stations.
Values for all 12 months are contained on one card, and the two stations
involved are identified on the same card. An automatic check 1is made
to assure that cards are in the required order of columns and rows
in the correlation matrix. When generalized statistics are used, only
one correlation coef'ficient for the entire year is read, but card order
is the seme. Symmetrical elements below the main diagonal are then
filled in and values af 1.0 are placed in the main diagonal.

EXHIBIT 1




Frequency statistics are then read, L cards per station, with 12

monthly values and station identifications on each card. A check is
made of the station order, to assure proper subscripting. When gen-
eralized statistics are used, only one card per station is read, and
this contains the maximum and minimum mean logarithms and the average
standard deviation for the year. The months of maximum and minimum
mean logarithms are also read and converted to corresponding subscripts.
These subscripts will differ from the calendar month number if the year
used in the study does not begin with January.

SECTION I

This section searches for each caelendar month the entire correlation
matrix to be the risht of the main diagonal for misiing correlation coef-
Ticients due to the nonexistence of at least three years of simultaneous
data for the montk. As soon as a coefficient between two variables 1s
identified as missing, a search of the correlation matrix is mede to find
established correlation coeff'icients hetween each of these variables (i
and j) and any other variable (k). The range within which correlation
between the two varisbles must lie in order to be mathematicelly consis-
tent with the correlation with the third variable is established by use
of the following equati m:

2 >
Ris = B Ry i\/(I'Rki ) (1-Ry )

As each successive third variable with established correlation coefficients
is found, the upper limit of Ri is constrained to the lowest of all upper
limits computed, and the lower limit is constrained to the highest of all
such lower limits computed. When the entire matrix has been searched the
correlation coefficient is estimated as the average of these two constralned
limits. If this element is above the main diagonal, the value is also
entered for the element symmetrically across the main diagonal. The

search for further missing correlation coefficients is then continued.

SECTION J

Where a correlation matrix is not to be used for reconstituting dats
but might be inconsistent, a triad consistency test can be made in this
section. This is done by examining all groups of three related correlation
coefficients, and testing the lowest one to determine whether it is above
minimum congtraint established by the equation in the preceding station.
If not, it is raised to that minimum. When this is done, it is possible
that the adjusted coefficient had already been used in another triad test,
and consequently that previous test would need to be repeated. In order
to do this properly, the entire matrix is searched up to 12 NSTA times,
where NSTA 1s the number of stations, until a complete search reveals no
inconsistent triad (INDC = 0).

EXHIBIT 1
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A coefficient ¥AC of the radical in the equation is used in order
to obtain complete matrix consistency in difficult cases, whenever
possible by this means. A test for overall consistency is made In
section X, and if this fails, FAC is successively reduced by 0.2
until overall consistency is reached.

SECTION K

The test for overall consistency oi the correlation matrix for
each month is mede by constructing for each station the correlation
matrix that would ve used in flow generation for that station and com-
puting the multiple determination coefficient. If the determination
coefficient of the matrix for any station and any month exceeds 1.0, all
correlation matrices must be reexamined, since some coefficients are
common to two or more matrices. This is done by reducing FAC in the
triad test (section J) by 0.2 and repeating all triad tests. If FAC is
reduced to zero and ronsistency is not obtained, an index of NCB is set
to 1 and an averagin~ routine is used (or each inconsistent matrix. A
guantity SUM is computed as the average of all correlation coefficients
in that matrix, and each element is modified by multiplying SUM by the
excess of determination coefficient and adding this product to the
product of the complement of this multiplier and the value of the ele-~
ment in the inconsistent matrix. The averaged or smoothed values are
revrlaced in the complete matrix for the month, and this requires some
careful manipulation of subscripts. A new computation of determination
noefficient is made and the smoothine process is repeated up to nine
times until consistency prevails. If this does not occur, the job is
terminated. When consistency is established =all complete matrices
are orinted out and essential elements are punched if desired.

SECTION L

In reconstituting missing data, a search is made for each month of
record starting with the first for stations that have no record during
that month (Q=T). When one is found, a search of all other stations is
made to determine whether recorded or previously reconstituted flows exist
for the current month or, if not, for the preceding month. If one is
found, it will constitute an independent variable for estimating the
missing value, and its value and pertinent correlation coefficients are
stored in new arrays for computation purposes. The correlation coeffi-
cients with the dependent variable is temporarily stored in the NVAR
(NSTA+1) column to assure that coefficients relating independent vari-
ables which have sufficient array space (they cannot exceed NSTA in
number). A variavle ITTEMP counts the number of independent variables
(stations for which recorded or reconstituted data are available). It
is incremented after its set of correlation coefficients are stored in
the R array, and is finally used to relocate the correlation coefficients
involving the dependent variable. If no independent variables with data
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are found, as can happen in the first month of record, a correlation is
made with the preceding value for the same station and that preceding
value is arbitrarily set at the average for the month. The regression
equation and deitermination coefficient are then computed using subroutine
CROUT. The variable having the lowest absolute value of correlation with
the dependent variable is identified, and beta coefficients are searched
in order to eliminate 81l unreasonable coefficients. In the usual case
where the simple correlation coefficient between any varieble and the
dependent variable is positive, unreasonable coefficients are assumed to
be those larger than 1.5 or smaller than ~.5. In the case where the
variable correlates negatively with the dependent variable, the reason-
able range is =1.5 to 0.5. If an unacceptable coefficient is found, INDC
is set to 1. If this happens or if the determination coefficient does
not lie between 0 and 1.0, the variable with the smsllest correlation
coefficient is eliminated, the correlation array reconstructed accordingly,
and the regression equation recomputed. This process is repeated until
all required conditions exist. The missing value is then computed by

use of the regression equation and adding a random component normally
distributed with zero mean and with variance equal to the error variance
of the regression equation.

As soon as the missing value is estimted a search is made for all
established values in the current and preceding month with which it is
to be correlated, and sums of logarithms, squares, and cross products
are incremented in preparation for recomputing all affected correlation
coefficients. After checking for sufficient (three years) record and
nonzero variance, the correlation coefficient is recomputed. If the
standard deviation of either variasble is very small, the correlation
coefficient is set to zero. If the coefficient is above the main dia-
zonal of the correlation matrix, its value is also assigned to sym-
metrical element. OSince estimation of a missing value affects correla-
tion coeffirients between variables in the current and following month,
which coefficients are stored in a different matrix, this process of
adjusting the correlation coefficient is applied to those values next.

SECTION M

After all flows are reconstituted, the flow tape is read until the
proper position for writins the newly computed flow data on that tape is
reached, and headinss are printed for writing flows on the printer later.
Then the standard deviates are converted to flows by reversing the Pearson
type III transform, multiplying by the standerd deviation, adding to the
mean and taking the antilogarithm. The increment is then subtracted and
if the resulting value is negative for a varieble with zero lower limit,
it is set to zero. In the case of reconstituted flows, the Pearson Type
ITI transform is constrained so that the excess of the standard deviate
over and above 2.0 is multiplied by a maximum of 0.2 (if the standard
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diviation exceeds 0.”). This simply prevents obtaining unreasonably
extreme values due to sampling errors. It is a moderation of the
extrapolation rather than an abrupt truncation.

The test for tandem station consistency is next made. and incon-
sistent flows are identified for printout and changed to the limit of
consistency. The downstream {low is made consistent with the sum of
upstream flows. Flows are punched on cards, if desired, printed out,
end written on the flow tape for use in rfuture passes. NGTAP is incre-
mented and represents the total number of records on the tape.

SECTION N

Af'ter converting deviates to flows, the “requency statistics are
recomputed in order to a-ree accurately with observed end reconstituted
data. If a consistency test is called for, the variasble ITRNS is set
to 2 and computation is transferred to near tne end of section F, where
the test is made and tie transfer index rauses a return to this portion
of the vprocram. ~“diusted statistics are printed, and the concistent
correlation matrix is nrrinted (and, if desired. also punched) by transfer
to section K, usin~ ITRN] as a return indicator again. The statistics
are then punched, i” desired. 'lows for the svecified station combina-
tions are then commited.

SECTION ©

Maximum and minimum recorded {lows are computed by transfer to
section S, using ITRN3=1 as a return indicator. The variable ITMP
veeps a record of the remaining years whose maximum and minimum flows
have not been seerched :et.

Next, meneralized statistics are romputed, if desired, (if IGNRL
equals two). As indicated, straight averases of all 12 monthly correla-
tion coefficients in every category are taken. Means are averaged for
the three wettest consecutive months and the three driest consecutive
months and the seasonal timin-~ noted. Standard deviations for all 12
nmonths are averared. Generalized statistics acre then printed out.

Next, generalized statistics read in section H are used to compute
reouired arrays oi statistics. Skew and increments are set to zero.
The mean for the middle month of the wet season is .2 higher than the
wet season averare and means {'or the other two months are .1 lower.
Means for the dry seasons are uniform, and means for the transition
seasons are interpolated linearly. Correlation coefficients for the
drv season are .19 higher (constrained telow .98) than the annual
average, and those for the wet season are .15 low (constrained above
zero). All of these operations are in accord with the generalized
model developed in HEC.
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SECTION P

Arter obtainias monthly statistics and correlation matrices, re-
rression equations for each station and calendar month are computed.
Flows are generated in the station order in which datas or statistics
are read and are generated for each month at alli stations before
proceeding to the next month. Flows st esch station are correlated
with flows of the antecedent month at that station and at all stations
Tor which the current month's flows have not yet been generated. For
other stations, liows for the current month are used.

Regression ecuations are computed in subroutine CROUT. If any
correlation matrix “ormed is inconsistent (which should not occur at
this stage, except for truncation of computated intermediate varisbles),
a transfer to section J is effected, and consistency operations verformed
on all correlation matrices. After snrch a transfer, all repression
equations must be recomputed, since any correlation coefficient might
have changed. fter this, only the beta and alienation coefficients
need be retained. in addition to the frequency statistics. Tn the —mlti.
nass operation, these are all written on tape IZTST at this point.

SECTION .

A routine for proiectine historiral senuences 1nto the future is
employed here. Values o LPREV (vrevious month's deviate) “or each
station is determined as the trans¥orm of the flow Tor the month pre-
ceding the first month speciried {by input data) to be generated. The
varianle MA is comouted {or the subscript of 4 that conforms to the
“irgt month of vprojected {lows. If the projiected flow routine is not
to ~e used, the computer is next set up to renerate two years of flows,
at the end of which synthetic sequences will have a virtually random
start.,

In the multipass operation, stations are identified and all neces-
sar;- statistics are ronteined in the order needed on tape ISTAT. 1In an-
vazs aflter tre first, "lows renerated in earlier passes Tor the same
nariod (the same sernence o Jdata) must be read from tape IQTAP, and this
tane must he rewound beTore each pass in order to permit a complete

t seer~L. In any sequence after the Tirsit, the preceding flow for the

\ "irst month to he -~enerated is the last flow in the preceding sequence

i wr that station, and these are saved in the QSTAP array for multipass
oreration. I the multipess feature is not used, all necessary statistics
and “lows Tor ~eneratine are in memor::.

SECTION R

In startin- to enerate {lows, a variable JXIMP is used to identif::
the vear number o” the "irst :ear of each sequence in the multipass
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operation. Variahles AVG and SDV are used Lo ~ompute the mean and
standard deviation of the deviates for earch flow sequence. These are
later used to edjust all deviates so that the means and standard
deviations in ever: ~enerated sequence will be the same as those of
the historical sequence.

Variables JA and WJ are set up Lo correspond to the first and
last vear of r~eneration in each succressive sequence, depending on
the type of operation. A has already been set up as the subseript
of & correspondins to the first month of flows to be -enerated (for
nse in orojertins historical Tlows recorded to the current time).
PREV 1or each station has heen identiiied as the previous month's
“low for trat station. [Flows are then ~enerated for each station,
using stored rerression eguations and a random component. Each generated
#low is immediatelv entered into the PRIV array, berause its preceding
Tlow will never ar~ain b uced In that pass.

T~ tre multipass routine, flows (as deviates) are written on tape
at the end of earh nass, and the last “low Tor each station is stored

in the 35TAF arra - Tor se in the nex! senuence.

I more than 1% vears {an arbitrarily selected lenpth) of flow
are neinr generated in any sequence, deviates are adjusted so that their
mean is zero and variance 1..0. Their anadiusted mean and standard
deviation are printed. Then ther are transformed to flows, and, 1f
ralled vor, consisten~: tesis bhetween stations are made. For varisables
with zero natural limit, a rhect for ne~ative values is then made. Flovs
are then printed and., if desired, punched. TFlow combinations are then
computed.

SECTION 3

Before computing maximum and minimum values of generated flows,
a vositive value of JX is looked for to assure that flows generated
are not to be discarded (the first “wo vears cenerated for a random
start). Also, at least NYM{G vears must have been zenerated before
maximum and minimum values are ~ommuted (this applies only when the
number of vears remaininc f'or -eneration in the last sequence does
not equal NYMXG). Maximum sums are initiated at an extremely large
nerative number and minimim sums as an extremely larre positive number
(T). Then a routine search of flow sums "or the specified durations
at each station is made for the sequence, and results are printed out.
5ince this routine is used for reconstituted flows as well as for
~enerated flows, a transter indicator is used to determine whether the
next step is bac'™ to the reconstitution routine or the generation routine.
I the latter, a chec: is made for the multipass routine. If all passes
are not completed. o transfer to section & is made. If &ll passes are
completed for this sequence or if the multipass routine is not being
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used, a checlt is made o remaiaii, “ears to e renerated. 1! ~reater

N

thay zero, & transfer to section .} ig made after adiustine -ears vet
to Te generated. Otlheruise the ‘ob is ended and a new iob, iY anv, is
started.

RANDOM NUMBER FUNCTION RNGEN

Tiiis random number function is for a binary machine and the constants must be
computed according to the number of Lits in an inteper word. The numbers
generated are uniformly distributed in the interval 0 to 1.

The function is called from the main program bv a statement similar to the
following:

A = RNGEY (IY)

Where A is some floati.:z point variable name and IX is soime integer varlable
name. The argument name IN nced not be thie same In the main propram and the
function. The argument must be initialized to zero in the mailn progran. The
location of the initialiring statement is imporcant and depends on the results
desired. If it is desired to have different sets of random numbers for each
of several different sets of computations (jobs) that are run sequentially on
the same pronram, then the arpument must be initialized at the very heciunning
of the progsram and never reinitialized. Ti it is permissible to use the same
sequence of random numbers for each job, the arpument must be initialized at
the beginning of each job. The advantace of this latter option occurs when one
of the jobs must be re-run for some minor reason as the same random numbers
will be used and the results will be comparable.

Three constants must be computed bv the following equatiors:

2(B+1)/2 .

Constant one (Cl) = 3

Constant two (C2) = 2~ -1

Constant three (C3) = l./2.d
Where: U = number of bits in an integer word

The constants for some of the common computers are listed ir the following table:

SIZF OF

INTLGER CORSTANTS
COMPULER __WorD cl ez ¢
GE 200 Series 19 1027 524287 0.1907348631:~05
GE 400 Series 23 4099 8333007 0.1192092901:-06
IBM 360 Series 31 65539 2147483647 0.465661287k~09
IBM 7040 and 35 262147 34359738367 0.2910383046E-10

7090 Series
UNIVAC 1108
CDC 6000 Series 48 16777219  281474976710655 0.35527136781-14

" " " "
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EXHIBIT 2
Crout's Method

One of the best methods for solving systems of linear squations
on desk oalculating machines was developed by P. D. Crout in 1941.
This method is based om the elimination method, with the calculations
arranged in systematioc order so as to facilitate their accomplishment
on a desk calculator. In this method the coefficients and constant
terms of the equations are written in the form of a "matrix,” which is
a rectangular array of quntities arrenged in rows and colemns,

The method is beat explained by an example. Suppose that in a
multiple correlation analysis it is required to solve ile following
' aystem of linear equations to obtain the unknown values of bz, b3’ bk

amd b5.

8:2 b2 + 8:215 b3 + szx“ b“ + 2:215 b5 - Z:xlx2

b, + Xx.x b + Ix,x. b. = Ix.Xx

Ix,x, b, + Ix 3% Dg 153

2
273 2 3 3 34 4

+

2 '
szx,* b2 + 83314 1:»3 + Bxh b,+ Lx‘*xs b5 lex“_

. 2
Exzxs b2 + Bxsxs t:3 + i‘.x#xs b4 + Lxs b5 - Exlxs
Por simplicity let us replace the coefficier’' s of the b'’s by the letters
Py 4, * and s, and the constant terms by t etter t, using subscripts
1, 2, 3 and & to denote the respective equa .onss.
p1b2+q1b3+r1b4+alb5-tl
p2b2+q2b3+r2b4+92b5-t2
p5b2+q5b3+r3bh+95b5-t3
A oontinuous check on the computations as they progress may be obtained
by adding to the matrix of the above system & column of u's, such that

usp+q+r+8+ t. The matrix and check column are written as
follows:
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3 0%
B, @ T 8 b w

The elements Pyr 9y r.'5 and 8, form the "principal diagonal"” of
the matrix. Examination of the original squations shows that the co-
efficients are symmetrical about the principal diagoml, i.e., 2, = Pps
ry = p,, T, = qB, 8) = Py 8y = Q» and 53 = Ty
This is charscteristic of the system of equations to be solved in any '
multiple correlation analysis. Because of this symmetry, the computa-
tions are considerably simplified. While the Crout method may be used

to solve any system of linear equations, the computational steps given
here are applicable only to those with symmetrical coefficients,

The solution oconesists of two parts, viz., the computation of a
"derived matrix" and the "baok solution." Let the derived matrix de
denoted as follows:
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The slements of the derived matrix are computed as follows:

Pi=pp  Fp=pp  Py=py Bo=hy
lef‘_l. R.1 s -l Tl-.t_l. Ul--u-l-
Py P Py P P

t_ -T.P -0.P
-q, -PQ 5 - % -2 12 2712
N 2
Qﬁ q4 1 2 Q2 Q2 Q2

R,

R5 - I‘5 - Q5R2 - P5R1 R[‘. - ra - %Rz - P4R1 S3 - -R;

_ tz-TzQ:-TlP | U3U05-U F
3 R3 3 R3

Sh -8, - f’tt}s3 - QLPSZ - Pt‘_S1

tQ-T5R[+-T2Qb"T1P4 . ua"U§Ra‘U2Q4-UIP‘+

T = U
L S, b4 Sy

The general pattern of the above computationa, which may be applied
to a system containing any number of equations, ia as follows:

(1) The first column of the derived matrix is copied from the first
column of the given matrix.

(2) T™he remaining elements in the first row of the derived matrix
are computed by dividing the corresponding elements in the first row of
the given matrix by the first elsment in that row.

(3) After completing the nil row, the remaining elements im the (n+1)"'—h
column ere computed. Suoh an element (X) equals the ocorresponding element
of the given matrix minus the product of the element immediately to the left
of (X) by the element immediately above the pri=zipal diagonal in the same
column as (X), minus the product of the second element to the left of (X)
by the second element above the principal dimgonal in the same column a8 (X),
eto. After each element below the principal diagonal is recorded, and while
that element is still in the caloulator, it is divided by the element of
the principal diagonal vhioch is in the same column. The quotient is the
element whose location is symmetrical to (X) with respect to the prinaipal
diagonal.
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(4) when the elements in the (m»l)lll column and their symmetrical
counterparts have been recorded, the (n+1)ER row will be complete except
for the last two elements, which are next computed. Such an elesment (X)
equals the corresponding element of the given matrix minmus the product
of the element immediately above (X) by the element immediately to the
left of the principal diagonal in the same row as (X), minus the product
of the second element above (X) by the second element to the left of the
prinoipal diagonal in the same row as (X), etc., all divided by the
elemsnt of the principal disgomal in the same row as (X).

The cheok column (U) of the derived matrix serves as a continuous
check on the computations in that each element in the columm egquals
one plus the sum of the elements in the same row to the right of the
principal diagonsl., That is,

U. = 1+ R._+S8.+ T

2 2 2 2
U3 - 1 + 85 + TS
Ul* b 1+ Tl+

This check shonld be made after completing each row.

The elements of the derived matrix to the right of the principal
diagonal form a system of equations which may now be used to ocompute
the unknown values of b2, b3’ bl+ angd b5 by successive substitution.

This is known as the "back solution." The computatiops are as follows:

b5 = Tl+
by = T, - S,b - Rby

b2 = '1‘1 - Slb5 - Rlbl;. - Q1b§

It is very important that the computations be carried to a suffi-
clent number of digits, both in computing the cocefficients and oconstant
terms of the original equations, and in computing the elements of the
derived matrix. It is possible for relatively small errors in the
coefficients and constant teius of the original equations to result in
relatively large errors in the computed solutions of the unknowns. The

4
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greatest source of error in computing the elements of the derived matrix
arises from the loss of leading significant digits by subtraction. This
must be guarded aganinst and can be dane bv carrying the computations %o
more figures than the data. As a general rule, it is recommended that
the coefficients and constant terms of the original equations be carried
to a sufficient number of decimals to produce at least five sigmificant
digits in the smallest quantity, and that the elements of the derived
matrix be carried to one more decimal than this, but to not less than
six significant digits.
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EXHIBIT 5
DEFINITIONS - 723-X6-L2340

ACl - Alienation coefficient for stetion 1

AC2 ~ Alienation coefficient for station 2

AC3 = Alienation coefficient for station 3

ADJ ' - Plus sign indicates value smaller than upstream sum by
tandem test

ADJ1 - Bgual sign indicates value adjusted by tandem test

ALCFI(I,K) - Alienstion coefficient array

ALOG - Computer library function of natural logarithm

ANLOG = Rumber of logarithms

ANYRS = Number of years of record

AV(1,X) - Mean logerithm

AVG(I,K) - Average of the generated deviates

AVGQ(I) - Average monthly flow for a station

AVMN(I) - Average logarithm of flow for minimum 3 consecutive months

AvMX(1) - Average logarithm of flow for meximum 3 consecutive months

B(L) - Beta coefficient

BETA(I,K,L) - Beta coefficient for generetion equation

BLANK - Blank space

CROUT - Program subroutine to solve simltaneous equations

CSTAC(KX,K) - Coefficient by which flows are multiplied before adding in
a combination

DABS : - Computer library function of absolute value of double precision
number

DQ(1,K) - Increment of flow

DTRMC - Determination coefficient

E - Letter E indicates estimated value

FAC = Temporary factor

I - Index for calendar month

IA - Indicator in column 1 of first card for each job

IARAL - Indicator, positive value calls for analysis

IENDF - End of file indicator

IGNRL - Indicator, + 2 calls for computing generalized statistics
and + 1 or + 2 calls for using generalized statistics for
generating flows

IMN(I) - Month sequence number of last month of 3 driest consecutive
months

IMNTH -~ Calendar month number for first month of water year

™MX(T) - Month sequence number of last month of 3 wettest comsecutive
months

INDC - Transfer indicator

IP - Month nunber for preceding month

IPASS - Sequence mumber of pass (subset of stations)

IPCHQ - Indicator, positive value calls for writing 4ischarges on tape

IPCHS - Indicator, positive value calls for punching statistics

1Q(1) - Fixed-point conversion of flov velues
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IQTAP
IRCON
ISKZ

ISr(X,L)
ISTA(KX)
ISTAC(KX,X)
ISTAN
ISTAP
ISTAT
1STN(L)
srr(x,L)
1omx(L
I9rY(L)
ITEMP
ITMP
ITMPP
ITP
ITRNS

X

XX

IR

IYRA
IYRPJ

J

JA
JrMP(L)
JTP

Jx

JXTMP

K

KM

KPASS
KSTA
KSTAC (KX, K)
KSTAP

= Tape number for staring flows

- Indicetor, positive value calls for flow recomstitution

- Positive value calls for varying flow increment (DQ) to
make skeéw zero,

.- Sequence number or upstrem Mien for tandem test

- Station number
- Station number in a ceubimtien
- Temporary stetion number
- Station sequence number for all passes
- Tape number for storing statistics
- Station nusber of downstiream tandem station
- Station number of upstresm tandem station
= Station number of independent station for consistences test
- Station number of dependent station for consistences test
- Temporary variable
= Temporary variable
- Temporary varisble
- Temporary varieble
- Transfer indicetor
Temporary variation of I
Argument for random number function
= Number of current year
- First year of data
~ Year of start of flow projection
- Index for year
- Sequence number of projection year
- Matrix column number
= Matrix columm number
- Temporary variation of J
- Temporary variation of J
- Index for station
- Dimension limit for number of consecutive months
- Dimension limit for number of passes
= Dimension limit for total number of stations
-~ Index number of station in a combination
- Dimension limit for total number of stations
= Temporary variation of K or cambination sequence
- Dimension limit for mumber of consecutive years
= Index forrelated station
- Temporary variation of L
= Number of records up to present position on tape IQTAP
= Number of records up to present position on tape ISTAT
= Matrix row number
- Matrix row number
- Letter A
= Temporary variation of L
= Last year of each mrojection
~ Serial number of month
- Sequence rnumber of month of projected flow
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MO(I)
MPASS
MI'HPJ
MXRCS

N
NC
NCA

NCAB(I,K,L)

NCB
NCOMB

NCSTY
NINDP

NJ
NLOG(I,X)
NMNMX
NN
NPASS
NPROJ

NG

NQTAP
NSMx(L)
NSTA
NSTAA
NSTAC(KX)
NSTAT
NSTAX
NSTNP(I)
NSTX

NSTXX
NSUM(K)
NTNDM
NVAR
NYMXG

NYRG
NYRS
Q(M,K)
QM(I)
QMIN(I,K)
QPREV(I)
QR(M,K)
GSTAP(I)
R(K,L)
RA(I,K,L)
RAV(K,L)

Calendar month number

Temporary counter for number of passes

Calendar month of start of each projection

Number of years in each period for which maximum and minimum
recorded and reconstituted flows are desired

Serisl number of period of flows

Counter to prevent continuous looping

Counter to prevent continuous looping

Number of values and cross products used to compute correlation
coefficients

Transfer indicator

Number of combinations of stations max. and min. quantities
are to be computed

Number of consistency tests

Number of independent variables in regression study

Number of years in compmutation sequence

Number of logarithms used to compute frequency statistics
Number of months following dry season and preceding wet season
Number of months following wet season and preceding dry season
Total number of passes in Job

Number of projections of future flows from present conditions
Counter for number of flows

Total number of records saved on tape IQTAP

Number of upstreem stations in tandem test

Number of stations in analysis

NSTA + 1

Number of stations in & combination

Totsl number of records saved on tape ISTAT

NSTA + NSTA

Number of stations in a particuler pass

Number of stations in current pass that occurred in preceding
passes

NSTX + 1

Number of stations upstream from a station for tandem test
Number of tandem tests

Total number of variable in regression study

Number of years of generated flows in each period for which
maximum and minimum flows are desired

Total number of years of generated flows

Number of years of recorded flows

Monthly flow

Monthly flow

Minimum flow

Flow for previous month

Identification symbol

Temporary storsge of QPREV

Correlation coefficient in a given matrix

Correlation coefficient

Average correlation coefficlient for 12 calendar months
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RMAX
RMIN
RNGEN(IXX)
Rl

R2

R3
SD(I1,K)
SDAV(K)
Spv(I,K)
SKEW(I,K)
sMQ(J,K)
SQA(I,K,L)
SQB(I,K,L)
SuM

SUMA(I,K,L)
SuMB(1,K,L)
T

TEMP

TMP

TMPA

TMPB

TMPP

TP

x(1)
XINCR(I)
XPAB(I,K,L)

Maximum consistent correlation coefficient

Minimum consistent correlation coefficient

Program random number function

Correlation coefficient being tested

Correlation coefficient belng tested

Correlation coefficient being tested

Standard devaition of logerithms for calendar month
Average standard deviation for 12 consecutive months
Standerd deviation of the generated deviates

Skew coefficient of logarithms for calendar month
Maximum or minimum flow for month or duration

Sum of squeres of first variable

Sum of squares of second variable

Average correlation coefficient of matrix

Sum of first variable

Sum of second variable

large positive constant

Temporary variaeble

Temporary variable

Temporary varisble

Temporarv variable

Temporary variable

Temporary variable

Value of independent varieble in regression equation
Iteration valvue for flow increment

Sum of cross products of first and second variables
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c T23ex6nl 2340 MONTHLY STEEAVFL", STUULATION WEG, C OF F, UER NOV 1979

CA o & v o2 & LIHDARY FUNCTICNS ALOG, DAMY Raw e a e (002

¢ PROGRAN SUBWOUTINE CROGUT,RAGEN <~ SEE COMMENTS TN ANGEN 1003

C INDEXES IRCALENDAR MONTH JuvEAR XasTA LeRELATED STA magUCCESSIVE HONTM :gg;
_DIrensION 1006
JDr10),0019,11), 1007000

SALCFT12,10),Av(12,10),8y8(12,10),Av6R(10),AvMNC10),AYNN(ICY,
JBETA(12,10,10),M0C12,10),TeNe10),T8xC10),20(15),

SIRTALIN) L ITMPCI),LTHP(30),+0(12) ,nCAB(12010,20),
NLOGC12,10),000201,10),C1012),0MIn(12,10),QPREV(10),9R(1201,10),
SANTAR(100),RAC12,10,20),KAV(10,16),30(12,10),30Av(310),80v(12,10),
»SREN(12,10),3H4(30,10),864(12,10,23),306(12/12,20),8UrA(12,10,20),
2SUMR(12,10,20),X(10),YINCR(12),%PAG(12,10,20),
«CATYACC2,17,3),1912C12,10),20TN(10),187T1(10,30),13712(30),
SIATV(10),K9TAC(2,10,5),08%¥(10),08TAC(2,9) ,N8INP(S),
oNALM{I0,S) ,MCPIFB(S) s HTNCH(S)  187(10,10,98)

DOURLE PRECTISINON R,8 1016
CAMHON DTRHC,NINDP,B 1017
DATA LYPAZA\HA/ZBLANK/ZLN /,E/LHE/,A03/1Ne/,ADJ1 /7 0/ 1048
10 FORMAT(INL) 1019
20 FORMAT (§1%,15,1916) 1020000
3¢ FORMAT(1IX,17,918) 1021
R0 FNSHAT(1X,A3,9A8,10A4) 1022
80 FORMAT(1X,13,14,12F6,0) 1023
60 FONMAT(1X,F7,0,9¢8,0) 1024
TC FORMAT (1X,713,18,12F6,3) 1023
80 EnamMaT (t1¥,17,12FA,3) 1026
90 FOPNAT (1¥,07,32Fb6,1) 1027
10€ FNRMAT(1x,14,16,1278,110) to2s
116 FNRMAT Cal,A43,944,104AQ) 1028
120 FORMAT (1X,17,3F%,%,216) 1030000
130 FORMAY (234 GENERALIZED STATISTIAS//13H 3T1 872 RAVY 1931
140 FORMAT (/738N STA AVYNY AYHN  SDAV MAXNMU HINMG) 1032
IsTATRS . . 1034
1q7APEY 1035
KPASKES . .
KSTAPRL00 1037
K8t1azta 1038
KyRagha 1039
KMEKYRe 248 1040
NaTARD 1062
c WASTE CARDS UNTIL AN & IN COLUKN 1y FINAT TITLE CARD 1083
[ an CARD A #n 10434
150 READ(S,110) %A, (SHN(M,1),nu1,20) 1048
IF (YA NELLTRA) GO YO 190 108
WRTTE(6,10) \6a9
REAN(S,20) ((gMO(M,K),+m1,20),%32,3) 1050
WRITECO,a4N) ((SMU(N,K), 81 ,20),x%],3) 1051
4 o% CARD 8 CARD C #n 10%200n
AEANCS, 3DV TYRAL IMNTH TANAL ,MYRCY, AYRGINYNEGo NPASS, JPCHD, IPCHI)NETA 1053
$,NCONB NTHNOMN, NCSTY, IGMHL G APRDS, TYSP S, TP, LYRPJ 1085
[ YERMINATE WITH 8§ RLANK CARDY, AN A IN CaL 1 OF FIRST t0se
ITHPRTANALONYRG 1087
IF(TT™r,67,0)60 TG 180 1054
srTop 1059
150 NRIYE (A,170) AYNS,N3TA,NCNNO, IPASS ’ 1060
L7¢ FARMAT (/19H NIMENSTON EXCEENED %A, ANNYRS, 1a,9X,0uNaTA,1Y,5X, 1063000
lSHNan“.IS,Sx,SH{PAGS.t)) 1082000
8n Tn 5q 1063
18C WRITE(S,190) 1064
19C FRavAT(/7108K TYRA TMATN TONAL “XBCS  yYRG NykXE NPASA 1PCHQ IPCHY 1068
f KSTA NCONA NTNDH NCIYY TGNOL NPRDJ IYEPS MTRPJ LYRPY ) 1068
WRITE(H,20) TYRA,TAITH, TANALSMXQCS,AYRE,NYMEG,NPARS, [PCHD, IPCHY, 1087
INSTA,NCORN,NTHOW, MNCOTY  TGANL ,NPROJ, TYRPJNTHRY, LYHR] 1068
IF (LYRPJ=TYRA,GEKYR) €0 YO 180 1049
Ch o a0 o SET CONSTANTS T E T EE R R R R E N N R
Ixzmo 107}
NATAASNSTASL 1072
NSTANRHATAINSTA 1073
18999494999, 1074
IvRastyRsey 1075

ole Exnynty §




198

208

21¢

220

230

240

230
269

27¢

280

IMNTHETHNTH=Y
MSTxa0
NaTuxmy
1pAsSE)
REWIND ISTAY
NSTATIO
LaTATNQ
RENIND T10TAR
NOTAPRQ
LOTAPRD

D6 193 Jat,KpAsS
NCOMA (J)n0
HTNDON(J)a0
CONTINUE

6a vo 270

SAYVE STATIONS FROM PREVIOUS PASSES IF NECESSARY

IPASSEIPASY+Y
HRITE (5,10)

IF (IPASS.GT . KPASS) GO To (60

READ (5, S0YNCOHD s HTHOM)NCSTY, 8T, CISTA (KD, N8, NSTX)
WRITE(H,230) IPASS, (IBTA(X) +xXBy,NOTX)

an CARD J #e

FORMAT (SHOPASS ,13/28N 8TA(S) FROM PREVIOUS PASSES ,1016)

NSTYXENSTX oL
REWIND INTAP
LATARPaQ

REWIND I8TAT
MpASSSEY

READ (IST7AT)
LATATRY
ITPENYRSe124}
IrEvPxEy3TNP (HPASY)
184002 10

DN 250 Xs3,N3TX

REMNCINTARPYITTMP, (B (M, K], M31,3TP)

LATAPSLOTAPSY

IF rISTA(K)  NE,ITHPY B0 TO 220

ITHPREITEPPOY

IFCITHRP BT 1FE ) B0 T 240
QEAD (ISTATIITHP, (AVCT, K}, 80CT,K),SKEWCToK)20QCL X)) {BETACT, KoL) L
154, TTEMPY L ALCFTCI,K),181,12)

LSTATBLSTATSY

IF (1THP _EQ,ISTA(K)) 6O 70 2%0

Gn Tn 230

READ(CTISTAT)
LATATELSTAT Y
HPASIZNPASS Y
TTEMPENSTNR (HPASY)
[Trppag

60 YO 23n

CNNTINYE

0n 260 K=1,NSTX
HSUM(X,TPAS8) S0

0n 260 fai,12
HLOS (T, R)IBNVYRS

IF(TANAL ,6T,0) NSTARNETY
on 290 t=i,t2
uMR(TISIMATHSY
IF(MOCI),LT.13)60 YO 280
Ma(ryanccr) et

CONTINUE

IF(NCOMRA LE,D) GO TO 320
HCOHB (19385) aNCNB

TOENTIFY STATINN COMBINATIONS

DO 300 x=i,NCONY

READ(S,30)ITP) C28YACIK,L) oL a1, 2TPY
WOITE (8,290) X, 1TP, (ISTACIX,L),L8),17P)
FORMAY (/S COMB, 32,50 974,1518)

NSTAC(X,IPASS)aLTP

AEAD(S,60) TENP, (CBTACIK,L,IPASS) L8N, ITP)

EXNIDIY &

ot CARD 0 ao

an CARD B an

1076
1077
1078
1079
1080
1084
1082
1083
1084
1083

1138
1139000

t184




¥4 wAaTTELS, T4 (CITAC(KsL,IPASS) ,L31, 170}

10 FRaNAT [70,997aT1I0,84, LUFA,3) 1134000
320 IF(NTNDM,LE.0) GO TO 340 11458
MINDH{IPASS)SNTNDM
90 330 LY=1,NTNDM 1146
c at CARD F on 1187
READ (9,30 TSTN(LY) o ITHP, (ISTY (L, L}, 038, 1THP} {148
WRITE(H,330) LXsYSTNILX),CISTY (LY, L) L2lsITHP) 1109
$4C FARMAT (/13H TANOEH GROLPyT3,6%, 10K00WNSTREAN T4, 15%,6X, 1130000
11SHUPSTRFA4 STALS),1018) . 1151000
390 NGhY(LX)=TTHMR 1152
$50 IFC(IPASS E,1)NYRSR0 1153
0N 380 K=zMH;TYX,KSTA 1154
NSUM(K,TPrAS3)R)
ISTA(K)21000aK 1156
¢ THITIATE =1, NO RECPRD FGR ALL FLOWS 1137
N0 160 Mal,KH 1158
30 TN ,KIRel, 1199
on 370 1ei,i2 1160
NLEG(I,X)=0 : 1184
(0(1,K)30. 1162
SHIN{TN)ET 1163
376 CANTEINUE 1164
48 CNATINUE 1169
TF(NCATY,LEL0) G0 TO 420 11606
4RITE(6,390) 1167
39C FNRMAT(/30Y,AHSTATINNS/ITH CONSISTENCY YEST,SX,23NINDEPENDENT DE tté@
1PENDENT) 1169
Ny 409 tL=1,Nc8TV 1170
c en CAKD G #»» 117}
JESD (5,30) TISTx(L),¥SvY(L) {172
Arg ARITE(L,410) Lo ISTXCL),IATY L) 1173
aln FORMAT(IIX,13,3X,15,8%,15) 1174
42C TF(TANAL LZ.")GA TQ 31570 1175

CC + ¢« % & ¢ 2 READ AND PROCESZS 1 STATIONSYEAR OF UATA ¢ ¢ 4 & & o o2 0 & 1176
' an CARD K o8 1177

C
43¢ HEAN(Y,S0) TSTAN,IYR, (GH(1),13¢,12) . 1178
[of an CAKO [ oo 1179
¢ RUAMK CERD IMNUTCATES END CF FLOW DATA f18¢c
[FET3TAN LT,1350 TO 579 118}
IF(NSTALT, VIS0 T 45C 1182
¢ ACAIRN SUBSCRIPT YO STYATIDN 1183
DD 840 KzNSTYX,NSTA 1184
IF(ISTAN E2, T8TA(K)IGE TQ 460 1189
41¢ CNNTINYE 1186
3%0 NQTAINSTA+] 1187
IF(NSTA,GT XK3TA) GD TO 1§80 118724
kaNgTL 1108
ISTA(K)SISTAN 1189
c AGSINN SURSCHIRY TU YEAR 1190
46 JBIYRelYRA 11914
IFINYAS LY J AND TPABY EG,1)NYRAT) 192
IFLJ 6T 08NN JLLELNYRSY G0 YO 4380 1193
wRITE (&,1470)1¥R 1194
470 FNRMAT (/3hH UNACCEPTARLE YEAR,1S) 1195000
50 Y0 150 1196
[ STNIE FLONS TN JTATION AND MOHTH ARRAY 1197
%0 NE)elamly 1198
D 490 1=1.12 1199
tEMay 1200
IF(IMII) LR I=L,)) GO I 290 1204
IF(AM(T) JLTIMINCI,K)) EnINCT,K)2R4(T) teo02
RLOACT,XI2NLGC(T X)L 1203
CRALTeKIZPrN (I, K)*CN(T) 1204
TEM,KIRO«(T) 120%
A9¢ CAnTINUE 1206
arotn 430 1207
GO0 ~NATAABNATA] 1208
IF (NYRI,GT,4YH.09,N3TASNCONB,GT.XATA) GO TO je0 12¢s
[F(M8TALE,O) GO TO & 1210
LITNPLIPAS5)aNRTA 1211
“STAXBNYTASNSTA 1212

3o EXNIBIT &




[+

"

51¢
52¢
53¢
S4ac¢

Ss¢
54¢C

57¢
SRE
59¢

60

61

62C
63C
b4C
65¢

CO &« w & & » & MAX AND MIN RECOSDED vOLUMES

6hC

67¢

IF(NCOMB,LE,.0)GD YO Sao
JDEMTIFY 8TA SURSCRIPTS FOR STAS IN COMBINATIONS
1A SI0 KxE{.NCENG
ITPRNSTAC (XX, IPASY)
LX30
pn 520 Lst,I1TR
ITEMPRISTAC(NYX,L)
rg S10 K31,NSTA
IFCISTACK) JNELITENPYGO TO 510
LYSLX+1
KSTACIKX,LX,IPASS) K
Gn T0 S20
CANTINYE
CANTINUE
REDUCE STATIONS T THDSE JDENTIFIABLE
NSTAC(KY,IPASS) LY
CONTINUE
IDENTIFY STATICAY IN TANQEM
IF(NTNOM _LE,0) GO TO &00
PN S90 Ly31,NTNOM:
0n 9S50 Kmi,N&TA
(FLISTALK) LER.ISTNCLX)) GQ YO S60
CANTINUE
ISTN(LYX) =K
NRUM(K,IPASS)ENSNX (LX)
TrvrangMy (L %)
N 580 Lst,ITrMp
D K70 Kx2i,u3TA
IF(ISTACKY).FN.ISTTILX,L)) GO YO %80
CONTINYE
TQT(K,LsIPAYY)IKX
CNANTINUE
TOENTIFY PAIRS CF STATIONS FUR CONSISTENCY TESTS
IF(NCSTY . LE.O) GO TO 650
4f 04d LAl yNCATY .
NN 630 K31,N3TA
TFCTSTACK) FQ, ISTXCL)Y CGC TO ALO
TF(ISTACK) ,EN,ISTY(L)) GO TO 620
31 T0 630
T3rX(L)=Y
Gn 70 630
IsTY(L)aK
CONTINUE
CoONTINUE
[THPaANSTA+NENMA

INITTATE 8UMS
0N 790 KENSTXX, TTMP
AVRN(K)IN0,
Hyan
an K60 135,15
SH(l K)meT
dn 670 Telb,30
v (I,x)eT
TMPRO,
THDARA,
LEY
N30
nn 724 Jtai,Hyns
DN 770 1=%,12
HaMel
AN
IF (X, LE.N8TA)GC YO 700
COMPUTE COMBINED FLOVY
KyaK=NgTA
TYPaNgTACIKY,IPASS)
Ner,K)¥s0,
nn A90 Lsti,ITP
IYEMPSKITAC XX, , IPASY)
CurnINEy FLO® MISSING
IF(R(M,SYENPY (£ wl, O0R,00%,K) EG _«f,) GU YO 680
Ce%oXImA(MK) oL (M) ITEFP)CSTACIKY,L,IPASY)

EYMIBIT & wle

O B BN BN N BN NN B NN B R A

1213
1214
1219

1217
1218
1219
1220
1221
1222

1224
1225
1226
1221

1229
taldo
1231
1232
1233
tala
1233
1236

1238
1239
1240
12464
1262

12438
1245
1246

1247

1248
1289
1250
1258
1252
12%3
12%4
1259
1256
12%7
1258
12%9
1260
1261
1262
1263
1264
1265
1260
1267
1268
1269
1270
1273
t272
1273
12743
1273
1276
Y244

1279
1249

1282
1283




CE # « « o o o COMPYTE FREQLENCY STATISTICYS

¢

6AC
69¢
ra¢

710

72¢
73¢

Téc
75¢

T&¢C

770
LA

s
aie
aag

s

AkC
A1C

arq

49¢

90¢

91¢

92¢

GO TO0 690

Nin,K)a=g,

CONTINUE

IF(N(M,K) ,NE.=1a) GO TO Y10

START NEW ACCUMULATIONS WHEN FLOW NISSING
N3O
THPRO,

THP ARG,
G0 0 770
TEMPIA(N,K)

{aMONTH FLOWS
IFCIMOC(T,K) LT, TEXP)SHQCL)K)RTENP
TFCOMNCT01T,X) T TENP)ISNC(To8S,K)RTEMP
IF(IMOC13,K) LT, TENP)SMG(E3,K)RYEMP
TFEaMQE28sK) CT,TEMP)ONR(28,K)BTEMP

beMONTH FLONY
THPITMPHTEMP
TMPRITHPASTEMP
IF(Neb)TH0,730,720
TUPITHPeR (Hap,K) .

IPLTYMP LT, 3MN(29,K))8MN129,K)aTHP

IF(eMe 6T, 340014, K))IS5K21(14,K)2THP
54enINTH FLOWS

IF (Ne%a)760,750,740

THPASTNP AN (MaSd,X)

TRIYMPA, LT, SH(30,K))SH0(30,XK)THPA

IF(TYHRAGT 9rG(15,X))SHA(1S,K)BTHRPA

AYEFAGE FLOQwW
AVEN(KYIAVEA(XK)+TEMP
NABN)e]

CONYINUE

CNLTINGE

TEMREND

AVEN(KYZAVGA(K)/TEHP

CPATINYE

“PITE (6, 900) i
FORMAT (/304 MAXIMUN VILULKES OF RECQRDED FLOWS)
WEITE(H,310) (HO(T),13y,12)

FAAMAT (SH  aTA,1217,33K 1end L] Sa=Mg
1TFPENITASNCONG

TN R3A K=MGTYY, ITHP

ITEMRRAVEA(RY*,5

N A20 tet, 14

IN(T)IBSKOLT k) *,.5
“OITE(S,BA0) ISTA(K), (1Q(1),121,15),1T8np
FreMAT (LY, 14,1217,218,19,168)

+PITE(6,850)

FARMAT (/168 NINTMUM VOLLNMES)

ANITE(6,88C) (HMC(1),188,12)

tRn AT K=u3TYYX,ITMP

0n B8R0 I=1,153

I7(1)m8ME(T1+15,K)+,%

ABITE(SH,840)TI3TA(XK), (T0(]),128,15)

VBIYE (&,830)
FOKHAT (/7214 FREQUENCY STATIATICS)
CRITE(S,R90) (MOCT),181,92)
FORMAT (/%14 3TA ITEN,17,1118)
MIS3IAG FLOW PPECEDING FIRAT KECQRD MONTH
N 200 KeMYTYN,NSTA
Utl.x)ey
IoCNhNEQ
IYENP & NITA
NN 1180 K23, 1TEMP
IF C(ITEMP T, NATAY GU TC 1180
IF(X,LE.NSTX}Y GO TD 922
o0 920 tei,l2
TEMPENLOG!],K)
Da(r,XK)BDO(L,K)*,08/7FENP
IF(Na(I,x),LTsel) OD(L,x)N,Y
IF(IINLDeNd LT,04) OG(T,X)eDO(T NI =UMIN(E,K)
CANTINUE

AV ¥0)

1285
1286
1247
1288
1289
1290
1291
1292
1293
1294
1293
1296
1297
1298
§299
1300
1301
1302
1303
1304
1305
1308
1307
1308
1309
1310
1311
1312
1313
1314
1S
1316
137
1318
1319
1320
1323
1322
1323000
1324
1323
1326
1327
1328
1329
1330
1351
1332
1313
1334
1333
1336
1337

N Ay e ow s 1338

1339
1360
1344
1342000
1343
1344
1343
1la¢
1346100
t3av000
1347100
13472
1340
1349
1350
1353
13%2
1333
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OO0

93

Q89
LT

5S¢

36C
37¢

9ac
960
1000

101¢
1p2¢
1036
1n1¢

$105¢
106¢C

N30
An Q930 Inl,i2
Av(T,K)an,
Sh(r,KYEN,
SKEwW(1,K)=0,
TMOEN
XINCRCIII(OO(ToKIPQNINCINKIY/ZC10amTHP)
CanrINUE
Mgy
on 970 Jat NYRS
N 960 lo},12
NaMel )
FIOCM,K)EQ.=le) GO TD 990
REPLACE FLOW ARRAY WITH LOG ARRAY
TEMPSALOG(O(M)K)#NO(I,K))/2,302%8581
REM,KIBTENR
IF(X, LE.NSTX) GO YO 960
SUM, SNUARES, AND CUBRES
Ay (T,K1aAvV(T, K)+TEMP
SN, M)IBAN(I, K)PTENPATENP
SKEA(T,K)=IKEW(T,K)PTEMPaTEURPATEMP
60 T0 960
MISSING FLOWS EQUATED TO T
diM.)aT
{SCNNSY
CONTINUE
CONTINUE
IF(N,LELNSTYY G0 YO 1180
INNCuO
nn o10n0 1s{,12
TENPENLOG(T,K)
IF(TEMp,LT,3,)GN YO 1120
THPSAV(T,K)
AVIT,K)STHP/TENP
IF(5P{1,%x) ,LELD,)GD TO 980
THRASID(,X)
SN(T,XYB(SO(T,K)=AV (T, K)aTFP)/ (TENPS],)
IF{SD{T,X) LEWN,) GO TO 980
ST, R)=80(1,%) 28,5
IF(RN(T,K) LT .0005) GO TC 990
5¢F (T, KYZCTEMPOTEMPRENEN(ToX)mB  aTEHPATHPATMPASR (4 THR 2 THRATHP)
L1/ CTFMPR(TENP W] Y (TEHF2 123N (T,K)nn3)
XF(SKEH(I.F).Lf.(!.1).0°.3'EV(11K).GY..1) INDCaL
IF(AXEA(T)K),0T,3,) SXEn(l,X)m3,
IF(SXENlL,x) ,LTe»3,) SKEW(T,K)sa3,
61 T™n 1009
INCT,K)s0,
5(5“(7.“)‘0.
CnAvrINgE
N3N
IF(N,6T,1160 TC 1060
SETTF (0o 1010)ISTALK) ,(AV(T,K),]33,12)
FALYaY (/3X,19,8n MLAN,1278,3)
“ITTE(H1020)(SN(T,K),I%1,12)
FAKMAT (79,7870 REV,12F6,3)
VQTTE(O,1030) (SEW(T,¥),131,12)
FRMAT (101, 19S5XEw, 1260,3)
~RTTECG, 3040y (D0(T,X),128,12)
TaumMat (AX,ANINCRYY,F7,2,11F8,2)
ITE(6, 1050 (ALCG(T,K),I01,12)
FRqnaT (9Y,SHYFANS,1218)
IF(N,GF,14) N TG 1188
{F{INAC LE Ny 6N T 1180
ThE FOLLNWING RCUTINE WILL ADJULSY THE INCREHENT TC
TRy T COTAIN 2ERC SKEw
CHANGE THE FCLLAWING STAT TU I3XZ®) Y0 ACTIVATE
tax7ad
[Feraxz, LEL0) GN TO 3180
[1P3ely
M tito 134,42
H3tTPel
On 1080 J21,uYRY

EynIBTY & =be

1354
1355
1356
13%7
1358
1359
1360
136}
1362
1363
1364
1369 -
1366
1367
1368
1369
13692
1370
1374
1372
1373
1374
1375
1376
1377
1378
1379
13792
1380
138}
1382
1343
1384
1388
1336
1387
1348
1388=2¢
1349
1390
1391
1392
1393

1399
1398
1396
1397
1398
1399
1400
1401000
1402
1403000
1404
1405000
1406
1407000
1408
1409000
1410
1411
1412
1413
1414
1419
1416
1817
1418
1619
1420




MAMe)D p424

IF(neu,K),E0,T) GO TQ 1070 1822

TUZaNiN,K) 1423

M KYulf aeyHP =NOLT,K) 1424

Gn TN 1080 1429

107¢ NeM,Kymwy, 1426

10AC CNaTINUE 1427

TEMRaIKEU(TK) 1q28

IF(TENP AT, (wel) WAND TENPLT.ol) GO TO 1110 1429

IFCTENP) 1090,1110,1100 1430

109¢ an(1,X)a00(I,K)*2, 1431

G0 TN §4110 1432

110¢ 00(Y,R)3n0(L,K)eXINCR(]) {433

111¢ ConrTInyE 1434

Gnr tn 930 16433

C % * & « « « DELFTE STATIONS WITK L ESS THAN 3 YEARS DF DATA2 » & % & o 1436

1120 JosTE(H3130)T37A(K) tuy?
1130 FPRAAT (84 3TA,18,28% DELETED, INSUFFIGCIENT DAYA) 1438000

HAYTAZNGT - 1439

NSTAARYSTAS] 1440

NSTAYIYSTASNSTA 144}

1F(K,GT,NITA)GG TN 1180 142

(™ REDUCE SUBSCRIPTY OF SUBSEQGUENT STATIDNS 1443

NN 1170 KXSK,N3TA 1444

ISTA(KX)SIITA(KX+)) 144%

May 1448

0n 1150 J¥),NYRS 1446 ;

nn 1480 pag,12 1348

qeHel 1449

1340 aLH,xX)EJ0M,xX+1) 1430

135 COLTIMDE 1281

M 11h0 135,12 1452

TVINIT,KY)=AMIN(],KYe]) 1483

LI OG(Y,KY)SHLOG(T,KXel) . 1494

11AC 0A(T,KXISDACL KX} 1453

117¢ CoONTINUE ) 1456

a0 Th 910 1457

11P¢ GNP TINUE 1498

IS LLRE T 1499

TF(TRCOM LE,0) GD TN 1370 1480

CFa 2 & & 2 & ADJUSRTMENTY (OF FREGUENCY STATISTICS TO LONG TERM "ok ohoa fab)

N 1180 1=g,12 1462

NP 1199 w2t ,M3TA 16463

DN 1190 L31,NSTAX 1464

NCaB (T, x,L)=n 146%

SumA(T,K,L)3n, 1468

SirRcT,n,LY=0, 1667

SHACT,K.L)Z0, (X 1.1.]

SA3(T,X,L)00, 1469

APAR (T, K,L)=0, 1470

Te(T1,K,L)Seq, 1871}

{19¢c CANTINYE 1ar2

On 1220 Ke},NSTA 1473

Xyaxel 1474

gy . 147%

ne 1220 J33,HYRS 1878

DA 1210 131,12 1477

asmay tava

TruoER (M, K) ta79

IF(TEMPEN,T) GO TN 1210 1480

30 1200 LIKY,NITAY 143}

LYyBlLeNSTA 1802

IFCLY,LY, 1) THPS(H,L) 1483

IF(LY,ART 0) THPIN(Hel LX) 1484

1F(THP En,T) GM YO 1260 1483

NEARCE,K,L)auCAR(T,K,L)ey 1a8%

YA (T, K, )3SUMA(L, K, )e7EMpP 1487

SURR LT, K, LYIZHUFI(T,K,L)eyrp 1488

A0ACLNoLIR3NA(T, K, L) TENRaTEND 1489

SAH T, KoL)RINH(T, X, L) eTrpaTNp 1490

APARCL, X, L)SXPABCL, K, L)eTENSTNP . 1494

IF(L.GT.NYTAY GO TO t200 1492

ole ExMIBIT &




NCAR(T,L,K)anCAB(],X,L) 1493
SUMA(T,L,X)T3UMBCY,K,L) 1494
SHMA LT L, K)SHUMACT,X,L) 1a9s
08T, L.xIRSIR(T,K,L) 1488
Gan (1L, K)ISSNALL,K,L) 1497
XPAR(T,L,R)=xPaAB(1,X,L) ) 1898
127¢ CNNTINYE 1499
121C CnuTINUYE 1900
1230 COATINUE 1504 .
1npr=o 1502
n 1260 x3§,N374A 1503
KYaxet 1504
N0 1260 181,12 15098
RA(Y, X, Xy=), 1906
oo 12%0 L KX,N3TAX 1507
IF(NCABCT KoL) LEL2) GO TO 12%0 1504
TFHPINCAR(I»X L) 1509
NU!SOA(:.K.L) 1510
TPRami(r,¥,1) 1511
TUPASQUMA(T.K,L) 1512
THeR2{THPp=TrpPAaxd/TEHP) /TEMP 1513
IF(THPP L T,0,) Tuppag, 1514
SNACT KoL) 2THPPRR,5 1515
T4PAa8UMA(T,x4L) 1516
TUEDI(TPaTitP4ea2/TEHP) /TENP 1517
(FLTHPP | T,0,) TmPpag, 1518
SAYCI,K,L)sTuPpen,S 1519
TURPS (P -TUPAN R/ TEHNP) # (TP=TMPR R/ TEMP) 1520
[FITYP LELO.) G TO §1230 1521
THOASYPAACT Ko )oTHP AR THFR/TEMD 1522
fapday, 1523
TF{TU4PA,1L T,3,) THPIRaTMRS 1524
THRPASTMPAATMPA/THP 13525
TUPASL (1 mTMPA) A (YEFP], )/ (TENPR2,) . 1526
[F(TNRA LT, 0,)T4PARO, 1527
HACLy K LYSTHPANTHP ANG,S ) 1528
(TProY
LA,
LY.L ~NGTA
[FCLLLELNSTA) GO T 1238
treztel
[FEYrP,LT.1) ITPRE2
LisLy
1238 IF(D(1,K).LT.,0001,0R,80(CITP, LAY LT,,0001) GO TO 1230
TN T6 1240 1529
1230 a(T,%,Ly=0, 1530
1247 1F (1 ,6T,0878) 60 YO 1250 154y
SNACTLLeX)IS,A(T,K,L) 1532
AT LaxYESIA(T,4,L) 1533
TA{T,L,K)ERA(T,K,L) 1534
12R¢C LUONTINUFE 1535
1288 G TINYE 1538
Nr 1280 k=Y ,NRTA 1537
Teo128n0 18,12 1538
TErPani0GT)x) ) 1539
tLyan 1540
A0 1270 LS ,NSTA 1541
[F (L ER, 0 g 0R RA(T, X, LY LE,~d,) GO TQ 1270 15402
[EINLRGET, L) LEHLOGCT,X)Y GO 10 1270 1543
TurA9nCAR{I,KsL) 1384
taprIN OG(T,L) 154§
TOZTUBA/ (] (= (THPBeTHPAYSRA{T,K,L) 202/ THPB) 1568
[FETPLE, TENRP) 6O TO 1270 1587
Lot 15408
Truoatp 1549
THERBTARA 15%¢
127¢ LA TINYN 1591
[F{lx,LE,O) 60 To 1280 15%2
TE(SUACT,Kol2) JLE,,0001,CR.808(T,K)LX),LE,.0008) GO TO 1280
Iuncsy 1553
THPZNRACT, K, LX) /SAR(L,K,LY) 15%a
THPASSUIMALT, K, LX) /THPP 1389

EYMIBIT & Y.L




THEEESUMA (T KsLX) /THPO 1356

AV (T, R)SYNPAL (AV(T,LR)STMPEYaRACL, K, LX) 4 THP 1557
SP(Y-K)'snﬂ(an-L‘)’(80(InLX)'308(IoK-LIJ)iRA(IoK.L!)QQZtYNP 15%8

128¢ CANYINUE 15%9
ADJUST STANDAK' NDEVYIATIONS FOR CONSISTENCY 1560

IF(NCSTY LELO) GO TO 1320 1563

¢ TRANSFER FROM 101t 1562
129¢ NN 1330 Lx=1,NCSTY 13563
KZI18TY (LX) 1564
LEISTY(LY) 1569

un 1320 131,12 195688
TFHPE(AV(T,K)=AV(TI,L)) /Y, 1567
IF(AV(I.X) GT.AV(I,L)) GC 10 1300 1588
TEFFITEMPeSD(T,K) 1569

IF (30T L) LTLTEMP) GC TH 1310 1570
TEVPISN(T K a2, ~TEMP 1571
IF(RD(L,L) = TEMP) 1320,1320,1310 1572

1300 TEMPITEMPESD(I,K) 1573
IF(SN(I, L) OYLTEMP)Y GC TO 1310 1574
TErO=SN(1,K) 0, » TEMNP 157%
IF(an(1,L),GE.TE¥P) GO YO 1320 1576

131C SN (T,LIRTENMR 1577
t32C CANTINUE 1578
133¢ CAnTINUE 1579
IFCITRNS 6T ,.0) 6N YO 23829 15M0

1300 1F(TADC,LE, N AND _NCSTY LE,0) GO TN 1370 1583
491TF(6,1350) 15482

135C FPrMAT (/394 FREQUENCY STATISTICY AFYER ADJUSTMENTS ) 1543
SRITE(6.890) (»GLT),151,12) 1584

0N 1360 K31,NITA 1585
AOITE(Rs1010)TISTALIK)y CAV(T,K),]n},12) 1586
RRITE(S, 1720 (9D(T,K),151,12) 1587
“eITE(6,1030) (SKEW(T,R),131,12) 19588
“RITE(D,1080Y(0ON(T,K),121,12) . 1589

1360 COATINUE 1590
CG % & » o # & TRANSFNRAM YO STANDARDIZED VARJATES & # @ o a % % # o & o 159}
137C 90 1420 ks1,1n8YA 1592
ME g 1593

00 1410 J=1,NYRS 1594

NN 1400 131,12 159%
Aznay 1596
OR(M,X)SBLANK 1597
IF(N(M,X) ER,.TIGO YD 1400 1599
IF(an(1,%) ,EN,0,)60 TO 1390 1600

A, KIS, k) =AV(I,K))Z80CT,K) 1601

t PEARSCN TYPE I!I TRANSFMORAM 1602
IF (3xEw(T,k) EG,0,)GO TO taA09 1603
TEFP3 5¢aKEN(T,K)NO(M,K) 41, 1604
Tvpzy . 1608
IF(TENPGELO,)G0 TO 1380 1604
TFrpasTENp 1607
THigat, 1608

13f8¢ G(“.K):b,-(YHPaTﬁﬂpt-(1,/!.)-l.)ISKEN(l.K)OSKEH(!;K)IO. 1609
G TN gago 1610

1398 Jtv,x)20, . 1611
1a0g ChuTINYE 16g¢
161C CONTINUE 1613
ta2e CONTINUE {618
C & v o« & o COMPUTE SUMS OF SCUMRES AND CROSS PRNDUCTS o # & o & o o 1019
0P 1490 ke, u9TA 1616

n taar 1sq,12 1617

BN 1030 La1,n9TAY 1618
PA(T.%,L) =(ad,) 1619
Suracr,n,L)=0, 1620
Sunn(L,X,L)=0, 1621

94 (1,x,L)a0, 1622

SN (T,KsL)30, 1623
XPAR(T,X,L)=0, 1624

143¢ NCAS(T, K, )ep 1623
qA(T,X,K)8}, 1626

tanc CNaTINUE . 1e27
145C CANTIVUE 1028

1 D EXYHIAIT &




I 1590 K=I,NITA 1629
Kyaxk+i | 1630

vay 1634

nn 1380 JSL,NYRS 1632

nn ta70 181,12 1633

Mavel 1634
TEMNPINA(M,X) 1639
IF(TENPLEN,T)GC TO 1470 1636

DR 1460 L3KA,NSTAY 1637

c SUBSCRIPTI EXCEEOING NSTA RELATE YU PRECEDING MOMTH 1638
LYs{ «aNSTA 1639
TF(LY,LT, 1) TMPEO(H,L) 1640
IF(LX,GT,0) THPIQ(Mel,LY) 1643
IF(YMP ER.TIGD TN 1460 1642

[ CniNT AnD USE CaLY RECORNDED PALRS 16403
NEAR (T N, LIBNCAR(T, K, L) e} 1649
SHRACL Ko LISIUMA(I,KsL)STERP 16459
SHMALL,K,L)SSUPA (T, K,L)eTHP 1646

304 (1,K,L)387A (T,K,L)eTEFPsTENP 1ha?

5% (X,%,L)=3006 (I1,K,L)+TNPaTHp 1608
XPAR(L,X,L)BXPARCT,K)L)4TEMPaTHP 1649

IF(L GT4NSTA) GO TO l1asC 16%0
FEMIIT, L X)ISNCAN(T,X,L) 1651
JUFALCT,L,K)SIUMR(T,%,L) 1652
SUMA(CT,L,K)3qIHA(T,K,L) 1633

3nA (T,L,K)=848 (I,K,L) 1694

ST (T,L,K)=3nA (1,%,L) 1655
XBAR(L,L,K)=XPAB(T,K,L) 1656

14A0 CNNTINUE 1697
137¢ CONTINUE 1658
1aRC CANTINYE 1659
C a ¢ » % a ¢ COMPUTE CURRELATION CCEFFICIENTS 2 2 # ¢ » o & o & « ¢ & 1669
00 1530 1=4,12 1663

N0 1520 LSKYX,NSTAX . 1662

LY=L =NSTA 1663

[ ELTMINATE PAIRS wITw LESS THAN 3 YR UATA 1664
IF(NCAB(TXoL) ,LE,2) GO TC 1510 1665
TENPENCAR{T KoL) 1646
THPE(IGACT, K, L) »5UMA(T, X, LInSUMACT,K,L)/TENP)A(IGB(T,X,L)=3UMB 1667

TUT )4, L) a8UMRI,X,L)/TENR) 1668

c ELTAINATE PATINS WITH ZEKD VARIANCE PRODUCT 1669
TE(THP ,LELO0,.) GO TO tS00 1670
THpHEY, 1671
TUPAZXPABCT, K, L) =3UMALT, KLY @SUMA(T,K, L)/ TEMP 1672

c ETAIN ALGEHSAIC SIGN 1673
TF(THPALTY, 0,)THPRamTMPH 1874
TUPAITHRA®THPA/ TP 1675
RA(T,K,LYIBTHrBaTHPARR,S 16786

Ivp2] 1677

LAsL 1678

161 ,LEJNSTA) GN TN 14390 1679
fyiralay 1680
1F{IrP,LT.1) ITPe12 168}

LAZI X 1R

149C TF(ADCTaN) oL TeeMNO1,0R,30CITR, L&) ,LT4s0008) HA(I,X,L)u0, ] 1683
s otn 1510 1684

150C HA(T,X,L)=n, 1648
131C IF(L.GT,NSTAY GO TO 1%20 1686
wA (T L,K)TAA(Y,K,L) 1647

152¢ €nrTINYE 11Y.1]
183C CraTiNgE 1689
154¢ “ONTINUF 1690
50 tn 2170 1591

1556 21TE(6,1960) 1692
156C FNAMAT (/181 DATA QUT CF QRDER) 1693
neoTn 190 1694

Ci & ¢ w v o & READ CONRELATICN COEFFLCIENTE o # # ¢ ¢ # & ¢ & 0 ¢ & 9 » 1693
157¢ Dn 1630 KE1,NSTA 1696
I1f (K ,£0,1)6G0 YO 18600 1697
{TP3K= 1698

On 1590 L®1,ITP 1699

t CUNNENT HONTH CCRPELATION 1700

EYHIALIT o 0=




c ) : an CARD L »» 170}
FEAD(S,T0YITNP, YTENP, (RA(T,X,L),Iz),12) 1102
GAVIK,LYBRACL XNL) 1703
IF(TGNRL FRI)TITA(X)RITHA 1704
IF(ITMPNEL,IaTA(K))GD TE 1590 1705
IFCITEMP NELISTA(L)IGE TO 1550 1706
C1 1580 13),12 1707
158¢ RA(T,L,K)SRA(CI,X,L) 1708
199¢ CONTINUE 1709
c PRECEOING MOMNTW CORRELATION 1710
160C LY=sNgTAA 17414
IF (IGNRLLEN.1) LAINITAK (712
LASNGTAX 1713
I7 (IGMR ,EN,1) LA=LYX 1714
N 1610 LBLY,LA 1718
1YP2L aNSTA 1716
c st CARD K OR M #e (717
REAN(Y,70)ITHP, TTEMP, (HA(T,X,L)slal,12) 1718
IF(KLENL1YISTA(X)=ITHR 1719
IF (X EDLL)ISTA(ITP)SITEMP 1720
IF CIGMRLLEN, 1) RAV(K,K)ERA(L,K,L) 1721
IF(ITHP  NE L ISTA(XR)IIGO T 15%0 1722
TF(ITEHP NEL,TSTA(ITP)IGE TO 1550 1723
1610 CPrETINUE 1724

00 te2n 134,32 1725
1H2¢C NA(T,K,K)=y, 1726
tAYC CNNTINYE 1727

C & % & &« & » READ FHEQUENCY STATISTICS # & # # # & & & 4 a # & ¢ & # » {1728
N 1680 K=1,NSTA 1729

c N av CARD N CPR O #» 1730
KFAP(S,80) TTP, (AV(T,X),I81,12) 173§
IF(LTP NE,TSTA(XK)IGN 70 1550 1732

C GENFYALTIZED STATISTICS ON ONE CARD PER 3TATINN 1733
AVMY(K)SAV(L,K) . 1734
AVMN(K)ITAV(,X) 1738
SNAV(K)=AV(S,K) . 1736
1rHIgAV N, K) sl 1737 o
T EK)STITHR=N(12) 1738 »
{rvozdy(n,r) e, 1738e2
TN BT TMPen(12) 1739 »
IF (IMYCK) ,LTel) Litx(K)3IMY(x)el2 1740
IF (IMN0)  LTL1Y Imn(x)alkn(x)etd 1781
IF(TGHRLLENLLIGN TN L6d0 1742

C wn CARD P on 1783
RFAN(S,R0) 1T, (3NLI,X),121,12) 1784
IF(ITP MELISTA(X))GN YO 19850 1745

[ at CARD O oo 1748
SEAN(S,B0)Y1ITR, (3xFW(l,x),121,12) 1747
IFCTTP NE,ISTA(K))IGD Tn 1350 1748

c en CAKD R #n 749
AFAN(S,90) ITP, (DN(T.n),121,12) 1750
IF(ITP NELISTA(KIIGO TO 15350 17514

1600 CArTINUE 17%2
CT o 4 &« » « & ERTIMATE NISSING CORHELATION COEFFICIENTO » 2 & & ¢ 2 o o {75]
1650 1F(IANAL,ER.1Y6G0 T 302C 17%4
IFINITALLEL11GO T8 2310 ’ 1718S

nn 1720 I13te12 1756

CER L 1757
IF(IN,LT,1)In=12 1758

97 1710 ke1,NITA 1799
ItPaxsy 1740

Nn 1700 LBITP,NSYAX 17614

c L AND K CORRELATION POSSIALY NI3SING 1782
IF(RACTsKeL)oGFe(~1.)) 6D YO 1700 1783
RMAY3Y, 1784
RM{NGet, 1763

c Ly SEARCHES ALL RELATED CORRELATIONS EXCEPY FOLLEWING ATk 1766
Or 1690 {Xm) NSTAY 1767
IF (LY, EQK)GD 10 1690 1768
IFCL,E0.LYIGN TN 1890 1769
TEMPERA(T KoL X) t770
IF(L,LEJNSTAIGE TO 1660 1774

wile EYNIBIT ¢




c
1660

1670
teA¢

169¢C

170¢
t71¢
172¢

€S & * « « %« TESY FOR YRIAD CONITITENCY

$173¢C
174C

175¢

174¢

1717¢

IF(LXLLEJNSTAIGO TU 367C
_ BOTH L AND LX FEPrEsEnT puECEDING MONTH

I?r'.":L‘N‘YA
TTEMPELXnNSTA
THPERA (TP, ITHP, ITENP)
Gn Y0 16490

L REPRESENTS CURNENT pONTH
THPIRA(I, Lol X?
Gn T0 1680

LX AND NOT (. REPPESENTS CUHRRENT MONTH
THPRAALT,LX,L)
IF (THAeTENP LT ,=2,0) GC Tr 1090
THFAS( (1, TEAFRTENP) 2 (L e THRaTHP))
[F(TMPALLT,0,) THPARD,
THPAZYHPANN,S
THPRITHANTEMPSTHPA
IF(THPR LT, RIAX)RMAXRTHPE
THPUZITMPReTMOACTHEA .
IF(T4PAGT, RITAIRMINITMPR
CANTINUE

AVERAGE SHALLEST PAY AND LARGEANT MIN CONSISTENT VALUE
RA(T, R, L)IZ(RUAX+EMIN)# 8
JF (L LENSTAIPA(T,L,K)RRA(T, K1)
cr» TINUE
CANTINIE
Cne PINYE
6a T 2310

NEleQ
Facay,
LEASNCASY
I¥ (NCALT,NSTAR12) GO TC 1790
ARITECR, 1840)
5n 10 150
neuzgQ
A0
pre=n
D 1A%0 131,12
{pzImt R
TF(1P,LT, p=12
e :ZIL' AND LX SEARCH ALL RELATEN TRIUS OF COMREL CCEFS
071 1A20 K31,N8TA
tT4PzKel
SN 181N LSITHMP,NSTAX
15 (L ENLNSTAXIGO YO §8)10
LAsL~N3TA
ALIRACT Kal)
Trusp
Ne 1300 LYSITP,NSTAX
TP XYuNSTA
PA=RA(T,KeLX)
IF (L (JLEZNSTAIRITRA(L, Lt ))
BOT: L AND LY REPFESENT PRECEDING MONTH
1F (L GT NSTA)RIRRA(IP LA, TTENP)
RAYAF LNWEST CCEFFICIENT IF INCUNDISTENT
I ACTEPCL I L LIRS
AC2=(1,oR2aR2) 00,5
ACHz (), =03aR ) ae Y
tF(41,GY,R2) GC 1Q 1T77Q
1FtPY,6T,R3) 60 TN 1780
v ir2ReRIeACP AACIAFAC
(F{PATIN LY, =1,) FMINZe],
16(41,GE,RMIY) GN TN 1800
Irnret
QA K, L)SMIN
IF (LoLEJNSTAY RALI,LeXINRMIN
G vo 1800
IF(UR.GY.ﬁB) &h T0 1780
KH1naRv aRSedCleACTeFAC
1F (4 INL LT, ot,) PHINBeY,
1F(r2,6E A¥IN) 6P TO 1A0O
INpCey

EXAIRIT & 12

2K 2N BN B NE B Y N I B )

1772
17y
1774
1778
L7176
1777
1778
1779
1780
178%
1782
1783
1784
1783
11786
1187
17808
17189
1790
1791
1792
1793
1794
1798
1796
1797
1798
1799
180Q
180}
1802
1803
1804
1805
1808
1807
1808
1809
1810
113
1812
1813
15814
1819
1814
1847
1818
1819
1820
1821
1822
1823
1824
1629
1826
1827
1828
1829
1830
183}
1832
1833
1834
1438
1838
1837
1538
183y
1840
184%
1842
1843




HA(T,K,LX)ARNIN 1804
IF (LY.LESNSTR) RALI,LASN)2RMIN 1848
Gn ro 1800 t1o46
L7AS HMINSALPR2-ACLRACARF AL 1847
IF(ININ,LT,»1,) RMINBa§, 1840
IF(R3IGERHIN) GO TO 1800 1849
INDCEY 1850
IF (L.GT.NSTA) GO TO 1790 185t
RA(T,L,LX)BRHIN 1852
IF (LYLEGNITA) RACI,LXsLIBRMIN 1853
60 TH 1800 1834
179C RA(TP,LA,ITEMP)ZRMIN 18585
RA(IP,ITEMP,LA)BRMIN 1856
140¢ CONTINUE 1857
181C CNrTINUE 1858
tR26 CONTINYE 18%9
133¢ CNNTINUE 1860
NEINC Y . 1861%
IF(NC,LEN3TA®12) GO TO 1850 1862
~21TE(6,1840) 1863
1280 FARMAT(32H CURRELATION MATRIX INCONSISTENT) 1864
LI GINE{ 1865
18%C IF(INDC.ENLL) GN TO 1760 1846
LK » « « » n o TESY FOR OVER=ALL CONSISTENCY & # ® & & & & 2 & & & * & #» 1887
IYEnPRQ 1848
6n rn {870 1849
186C ITEnpRy 1870
¢ WHEN ITEMPBY, CURFENT MONTH USFD FOR ALL INDFPENCENT STAS 1478
c DTHERWIGE, PREC MTH USED FOH CYRRENT AND SUBSEQUENT STAS 1872
tA7¢ HINDNPINSTA 1873
NYAQEININDPeL 1874
hn 2160 191,12 1875
1Pzl 1876
IFlIP,LT ) IP=1E - 1877
¢ CONSTRUCT CUNMPLETE CORREL MAYRIX FOR EACH MOATH AAD 8TA 1878
on 2150 K={,STA : 1878
c L 15 ROw NUMBEQ, J 18 COLUMN NUMBER 1800
3N 2020 LS1,N3TA 1881
LYSL+NSTA 1882
1M 1930 J=1,NSTA 1843
JYS JONSTA 1884
I8 (1 »X) 1080,1920,19860 1488
fARC tF(1eX) 1890,1310,1900 1888
189€ (L,J) = NILECRA(L,L,J)) 1887000
LTMB (LY 1888
ir=p(d)ay 18A9
60 T 1970 1890
190¢ IF(ITEmP) 1910,1910,8689¢ 18914
191C 2fL.JY 2 NALE(~AC(I,L,dX)) 1892000
LTFs(L)aL 1893
Jrep(Jym gy 1494
s0otn 1970 188S
19260 [F(T=X) 1930,1940,195¢0 1896
193¢ 2(L,J) ® DRLE(RAC(T,J L X)) 1667000
LiHp(L)ng ~ 1898
Jrrp(dyELx 1899
LroYn 1970 1900
191, #fL,J) & DDLE(SA(IP,L,J)) 1901000
LTrp(LYs Y 1902
Jrve(l)mgx 1903
Gr TN 1970 1904
1t9%C v (rYFrPY 1940,1980,31930 1909
19AC [F(TTENP) 19.0,1920,1480 1906
1976 I ,LIRR(L,T) 1907
19AC CNrTINYE 19ne
LIrs(L)sx 1809
c SPECIAL SUBSCRIPT FOR DEPENDENT VARIABLE 1910
1F (Lex) 199n,2)10,2000 1941
199C R(L,~TAAY ® NPLECNACI,X,L)) 1912000
Jree(NSTALY 1913
Gn TH 2020 1918
donc IF (ITEMP,GT,0) 60 Y0 199¢ 1915
«i3e ExnInIY &




201C R ,M8TAA) 8 DBLECRA(CYI,K,LX))
JYRO (NSTAA)SLX
202¢ CONTINUE

MATRIX CONSIITENT IF CORREL NOES NDT EXCEED 1,0

N2
N0
zazazTENIE

c
203C CALI. CRNOUT(R)

c

mz3zazagss
IFI{DTRNC,LEL14) GO TD 2130
WRITE(6,2040) No1,K,DTRNC

202C FNRMAT (/36N INCONSISTEMT CORREL MATRIX ADJUSTED,314a,F12,3)
NITHCRAW 1928+193%

FACIFACe 2
IF(FAC.GTe=e1)GO0 TD 1750
Nf0sy
Haks)
IF(N,RT,10) GO YO 190
Stinz0,
0N 2049 181,nINDP
NA 2070 X2t ,NVAR
IF(LL.EN.LX) GO Tp 2070
TMREZI(L,LX)
JNMBRUMSTHRP

207C CNONTINUE

PORC CNNTINYE
TFMPININDPANINDP
SHv=guM/TEMP
TEYP=DTRMCe],
IF(TENP AT, 1) TENMPR,]
TVP2| ,=«TEMP
BN 2120 L3g,NINDP
179% vy
N 2110 LXITTP,NVAR

FCL.LY) = DBLE(THREATMP ¢ SUMRTEMP)

IFILXJLEJNINDP) ROLY,L)SR(L,LX)
LYPaLYIR L)
JrE=grHe (LX)
IF(LTP ,LELNSTA) GN TO 2100
IF(TITP,LELNITA) GO TO 2060
LTFEL TR=NTITA
JYRZ)TPenaTA
RACTO,LTP,JTP)IA(L,LX)
RACIP,JTP,LTPI=R(L,LX)
anorn 21410

209C ItMpe TP
LYPI TP
Jrearrue

210C AT, LTP,JTPYSR (L, LY)

TFLITR LF.NITA) RACT,dTP,LTPYI=RLL,LY)

211e COsYINUE

212C CONTINYE
3N TN 2010

PLYC IF(NTHAC,GEL0.) RO TO 2140
SRITE(S,7N)1,K,DTRIC
nYsng=zo,

213C UF(NCA,GY,N) GO TN 1749

21856 CARTINUE

216C CANTINGE
IF (ITEMR,EN,0) GO TD 1860
TF(TTRNNS ER.2) GO Th 3100

217C «RIYE(S,10)

® ¢ o o a o PRINT CURRELATION MATRIX

Dn 2260 13,12
IFCTYRUN,LE ,0) WRITE(H,2180)M0(T)

[ 2 N B B NN BN R IR RSN BN RN N Y

218C FNAnAY (/7394 RAw CORRELAYINN COEFFIGCIENTS FOR MANTN,1Y)

IF(TTANS,GT.0) WRITE(H,2190) mof])

219C FARMAT (//40M CNNILITENT CORRELATTION MATRIX FOR MONTH,13)

wRITE(6,2200) (1974 (K),KE],META)
2200 FNUMAT (/3x,3H8TA,18]17)
*PITF(5,2210)

2210 FONPAT(20Y,19% WITH CUNRENT MONTH)

YNIRTT & TR

1946000
1917
1918
1919
1920
19214
1922
1923
1924
1929 -
1926
1827000

1932
1933
1934
1935
1936
1937
1938
1939
1940
1944
1942
1943
1944
1945
1946
1947
1948
1949
1950
1953
1952
19353000
1954
1999
1956
1957
1988
1999
1960
196}
1962
1963
1964
196%
19460
1987
1948
1969
1970
1971
1972
1973
1974
1975
1974
1977
1978
1979
1980
198y
1982
1903
19843000
1988
1986000
1987
1988000
1989
19%¢0




D0 2220 K84,4%7A 1994
222C UnITE(6,2230) qun(x),(gA(I,KpL):L"lNa") 1992
2230 Fnauary (1Y, 15,1PF7,3) 1993000
SRITE(H, 2240 . 1994
228C FNRMUAY (20X, 36+ WITH PNECEDING MONTH AT ABOVE 3TATION) 1995000
1TPaNITAS) 19:0
nn 22%0 xej,ns374 1997
2250 “PTTE(H,2230)18TA(K), (RAL1,X,L),L8ITP,NETAX) 1998
22hC CnnTINYE 1999
IF(IANAL LELO) GO tO 3§0C 2000
IF(ITANS LE.O) fir TO 10690 2001
TF(IPCHI LE.N) G TD 2870 2002
c PUMCH ESAENTIAL ELEMENTS OF MATRIX 2003
Cn 2300 x®1,n3TA 2004
IF fK,EQ,1) 50 Tu 226¢C 2009
TTPaKay 2008
N3 2270 Lat, e 2007
2290 JATTELT,TMIIATACK), ISTACL), (RA(ToKsL) 0 123, 22) 2008
22RC N1 2290 LENSTAA, L 9TAY 2009
TTFYPIL wNSTA 2010
228C ~NITELT,70) 131A(n),1arn(x1£ur),(RA(].K,L),!!I,I&) 2011
2306 CAnTINNE 2012
51 TA 2850 2013
CLL % » » & # % RECANSTTTUTE MISYING QATA & % o ® R & £ & & 4 ® ¢ % & % 2 2018
2310 IFC(TANAL,LE.Q) GO TN 31f¢ 2015
IF fIRCON,LE, O) G TQ 2410 2018
GYANBNGTASL 2017
Hay 2048
DA 2600 JBi,9YRY 2019
fin 2590 t=y,42 2020
Ivetlel 20214
IFCIN.LT 1) Ix=32 2022
MaHet 3023
D 2580 Kk31,nSTA . 2024
IF LG M, K)NE,T) N TO 2180 2029
c FURY COPRELATICN MATREIX FQOR EACH MISSING FLOw 2026
NIADPEO 2027
0 2499 L BLyNSTA 2028
LYy oNGTA 2029
TE(N(M,L)NE,T) GO TO 2320 2030
1F(A(Mal,L),E?,T) GN TO 2390 an3g
NTADPENIANPS] 2012
IYEUPBNTINDP 2033
X(rINAP)EA(H-l,L) 2034
ACHINDP,NYAR) = DHLE(RA(TX,LY)) 2035000
Gn o 2330 203b
232C NTNOPENTINDPOY 20137
ITEMPZHTIADPD 2038
XCrINNPYRR(M,L) 2039
TINIPDP,AVARY 3 DRLE(HA(I,X.L)) 20680000
231C L. TAOP,NINNP) 3 1,000 2043000
IerL Ea . NOTAY GO TO 239¢C 204¢
ITFsi 41 2083
0 23RD LABIYP,NSTA 20404
Jexi \eNATA 2048
1F((M,L) ER.T) U YO 22350 : 2046
15 (N{M,LA),EN,T) 60 TC 2340 2017
IrrvpE{TENMDSY 20as
ResENNP,ITEMPY 3 DBLECRA(I,L,LA)) 2089000
60 10 2370 20%0
234¢ 1P (n(val,LA) E5,.T) GO TC 2380 209
TTFepugYENRe] s
BESTRNP, LTENPY 3 PHRLELRALT,L.JX)) 2053000
Gn tn 2370 2084
238¢ IF((M,LAY,EQ,T) G TC 2360 2098
TThuPwRPPEUDS Y 2058
HENTVNP, TTEMP) = NRLE(RA(I,LA,LX)) 2087000
6n rn 2370 2038
236C IF(n(ral, LAY EG.TY RO TC 2380 2099
ITEMREITEMPY Y 2060
ANINDP,ITEYP) 3 RBLE(RALIY,LILA)) 2043000
c ADD SYMMETRICAL ELEFENTS 2002
=13 EANTBIT &




237¢
23AC
234c

340¢

241¢
c

2aa¢

?nl3¢

2aa0

RCITEMP,NINDP)IR(NINDP,ITENP)

CONTINUE

CANTINUE

IF(NINDP,GY,0) G0 TO 2400

NINOPEY

Y(1)In0,

PrL,1) = 1,000

LYsKeNgTA

H{1sNVAR) = DBLE(RACY,K,LX))

TYEMOBNINDF+Y

0on 2010 Le1,MINDP

atL, ITEMPYSA(L,NVAR)

IISIIZCIE

CALL CROUT (R)

2233223333

ITENPANINDPY

TFHPRY,

Innt=0

NN 2440 LS1,NINDP

THREDARI(R(L,ITENP))

IF(THP GT,TENP) GO TQ 2430

TEMPRITMP

TreaL

TF(REL,TTEMP) (LE N, L AND B (L) 6T, (m1,5) AND,B(L)WLT,0,5) GC TN 2440

TF (O (L, ITENP) (GE, 0, AND RLL) (614 (w0,5) ANOB(L)eLT,1,%) GC TOQ 2840

INBRay

CONTINUE

IF(TNBC.GT,0) GN 70 24a%9

TSIDYRHC LE 1o JAND ,DYRNC GE 0,) GO YO 2510
1F MATRIX INCCASISTENT, OMIT VARIABLE WITH LEAST

CUIRELATION

ITHRENINDPAY

IF(TTP 6T, 1THP) GO TQ 2480

a0 2470 LSITP,ITHP

NN 2460 LA3Y, TTEMP

HIL,LAYSR(L*1oLA)

XCLYSY (L))

DA 2800 L=1,ITMP

30 Pa90 LASIYP,NINDP

9C FOLLLAYBRIL,LAYL)

Ex4IBIT 4

LONTINUE
NINAPRTTHP
G0 T 2420

ADD RANDOM COMPUNENT TO PRESERVE VARIANCE
1EMn30,
1 3%20 ((St.h
TEVYR=TEMPeaNGEAN (IXX)
TEvOSTEMPmINGENCTXX)

, CNUBUTE FLONW

AL3(] ,«DTOHCYI NS
TEHMOITENPRAL
nn 2930 L31,41nDp
TEroarEMpe () ex (L)
e, KYSTEMP
(N, K)BE
rozn,X)

ADD NEW VALUE TG 8UMS NF SOUARES AND CRN33 PRODUCTS
nr 2a%60 L31,%8TAX
[F(L,EQ.X) GNn TN 2560

SuASCAIPTS EYCEEDING NSTA RELATE TO PRECEQING MUMTH
LY3| =NSTA
TF LA, LT, 1) T4v30(M,L)
[F LY LT, D) THPSL Me],LY)
¥ (TMPLEDN,T) GNP TD 2960

CnUMT AND USE CALY 9ECORDED PAIRS
WEAR(T K, LISHCAB(T, K, L)
GHMACT, K L)ZSUNA(T,K4L) TP
SIUMBET, K, LIZSHMB(T )X, L) oTHP
SIA (T,X,L)380A (T,K,L)e¢TPeTp
S§oR (1,%,L}2970 (1,X,L)eTNPeTHp
XPARCT X, L)=2ePAB(T,K,L)eTPeTHP
IF(L,6T.N8TA) GO TO 2940

wibe

2063
2064
2063
2066
20647
2068
2069000
2070
2074000
2072
2073
2074
2073
2076
2017
2078
2079
2080
2081
2082
2083
2084
208%
2086
2087
2048
2089
2090
20918
2092
2093
2094
20538
2096
2087
2098
2099
2100
2101l
2102
2103
2104
2105
2108
2107
2108
2109
2110
2111
et
2113
2414
21183
2116
2117
2118
aisn
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134




c
2%4¢

2as8¢

256¢

2570
asece
a39¢
Ll ld
ehtc
Cw ¢

Pe2¢
263¢C

2640
26S¢C

NCAA(T,L,K)ButAB(T,X,L)
SUMACT, L, K)S5UrA(T,K4L)
JPR(T,L,KIBIUHACT,KyL)
30A {T,L,X)3507 (T,K,L)
SnNA (1,L,KYIESAA (1,K,L)
APAB(T,L,K)3xPAA(T,K,L)
RECNMPUTE CORRELATINN COEFFICIENTS TO INCLUOE NEw DATA
IP(NCAB(YT,KkyL) LEL2) GO TC 2560
TEHPENCAB (14Kl )
THR=(BOACT,K,L)=SUNMACT,)K,LInSUNMACY, K L) /TENP) 2 (3QB(T,X,L)s3UNB
1(1,K,LYCSUMR(T, K, L)/TEMP)
ELIMINATE PAIRS WITR ZERD VARIANCE PROUUCT
IF(THP LELD.) GO YO 2%60
TMPRSY
TMPATYPABCT KoL) @SUMALT, KoL) oSUMB(T)KIL)/TEHP
RETAIN MLGEBKAIC SIGM
IF(THMPALLTO,) THPrn=TMPR
THEASTHPA@THPA/THA
RACT,K,LYSTHPAATHRANS,S
ItPal
Laag ,
IF(L.LE.NAYA) GN TO 2950
ITRatwt
IF(TTP LY,.1) 1Pzt
LAaL Y
IF (NI K) LT, 00N, 0R 8DCTTP,LA),LT,,0008) RA(I,K,L)m0,
IS (LGTLNATAY GN TU 2960
AR (T,L,KYZRACT,K,L)
CPATINUE
TTNRINYRgW 2+t
IF(M GE,ITMPY GO TO 2%80
TELPTA(M,K)
DN 2S79 L2, HATA
Tupag{eelag) -
IF(THB En,T) 6C TU 2570
LYsZ+N3TA
1ir=Tey
IF(ITP ,RY,12) (TRa§
NEAS(TYP,L,LX)SNCARBTIITR, L, LX) *}
GUMALTTP, L La)SSUALTITP,L LX) +THP
SHRACITP L, LY)S3UB(ITP, Lol XY *TP
SOA (ITP,L,LX)S8CA (ITP,L,LX)OTHPATNP
SAN (ITP,L,LX)=809 (ITP,LsLXYOTRRYP
APARCYTIR,L,LX)SXPAB(ITP,L,LX)+TPRTNP
IF(VCABCITP,LsLX)JLEL2) GO TD 2570
TEeuRzHCAB(TITP, L, LX)
THPE(ORACTTP, L, LX) =8U»ALTTR,L,LX)eSUMACTTP,L,LX)/TENR) 2
1(SGHCTTP, Lo LX) =3 UFBCITR, Lot XY 2SUMACITP L LX) /TEND)
IF(TMP LF,04) G TQ 2570
repizy,
THPAZXPAR(ITP, L, LX) =3LNALTTP, L, LX) s UMB(ITP,L,LX)/TENP
TE(THPALLY,0,) THPAZwTMPR
THRPAZTHRAMTHPA/TNP
BACTTP,L,LY)STHPBaTHP AR, S
IFESRCToN) alTeol0CLORLEDCTITPIL) oL Toa000L) RACTITP,L,LX)50,
Cnr TINUE
CnanreNye
[N 8 277] 3
CNAYINUE
IF(TANAL ,LE,N) Gip TO 31600

2139
2136
2137
2138
2139
2140
214}
21062
2143
2144
21435
2146
2147
2148
2149
2150
2181
2192
2153
2154
2159
2156
2137
2156
2159
2160
2161
2162
2163
21648
2165
2166
2167
2168
2169
2170
217y
e1re
2173
2174
217§
2176
2117
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2180
2191
2192
2193
2194

o ¢ o ¢ ¢ CONVERT 3TANDAKD PEVIATES YO FLOwd T2 a0 0 00w e 2198

IF(uPAB8,LE.1) GU TN 253C
JrMpPEYYQSelpe]

dn 220 1THPRL, 100

IFCLOTAR EQ,NGTAP) GO TC 2630
HEAP(TQATAP)

LATARILATAPSL

P1TE(K,10)

WRITE (6,2680)

FO~4AT (33 RECCROED AND RECONITITUTED FLOWS)
IF(*Pas9 6T ,1) whTITE(H,363C) TPASS
FruraT(SH PASS,13)

ojle

2196
2197
2198
2199
2200
2201
2202
2203
22040
2208
2200

EynIatY o




ANYRSONYRS 2207
N PAL0 K31,13TA 2204
IF(K,GT.NSTX) WRITECH,265C) (MQ(1),131,12) 2209
P66C FORMAT (18H  STA  YEMN,{218,0X,5KTOTAL) 2210000
Mai 2211
N P160 JEL,IYRS 2212
1TPa( 2213
b 2720 18,12 2214
Maret 2249
TFNpQA (M, ¥) 2216
THRPESKENR(],X) 2217
[P (TMP NE,0,) TEMPa((THFa(TEMPaTHP/b,)/bot1e) a3 »1)u2,/THP 2218
IF(NR{M,K) LNFLE) 6D R 2690 2219
IF(TEMP o GT o2 e AN SD {1, K} FT.,3) TEUPI2,9(TEHP=2,)#,3/80(1,K) 2220
[F(TuP L T,2a0N0L ,OR THP,GT,,0001) THRI(wld,)/THP
IF(AXKEW(T, X)) E6TM,2690,2640 2222
267C I[F(TEMP,GT, T 1P) TEMPETHP 2223
5N T0 2490 2224
26AC TF(TEYP LT, THP) TEMPRTMHP 222%
269C THPITEMPRDIT,K)YoAy(],K) 2228
DM KYBLIN a0 P=uA(],K) 2e21
TFEO(MaK) oY N e a ANDQGFIN(TI)K) 4GELO,) Q(MIK)BO, 2224
WHT)SNR(M,K) 2229
1TwPanNgiM{K, [PASY)
IF(ITMPLE,0) GO YO 2730
TE~a30, 2232
WM O2700 L3IL,ITHE 2233
i LXZTRY(K, L, TRASS)
270C TFYPRYEMPSI(1,LY) 2235
TN, XY, GY,TEMP) GO TC 2710 2236
TM(Y)YTADY 2207
TN (M,K) NELE) GO TC 2710 2238
2 (TI=ADIL 2239
GV ,R)STEMD . 2240
271C IN(T)IBAM,KI+,5 2241
272C ITPSITReIO(I ' 224e
{YSRSTIYRASGY 2243
TE(RLLEJNATYY 50 1] 27060 222¢
(F(IPCHO,LE.0)GN YO 2740 224%
ARTTF(Y,2730) ISTA(K),IYR, (10{]),131,12) 22406
273C FranAT(214,12186) 2207
3740 . TTTE(6,27SNYI5TALK) Y6, (IRCT),GP(L),120,12) ,1TP 2248
A78C Fro~AT(iX,14,T6,1R,A1,11(17,41),180) 2249
2716¢ CONTINYE 2290
I (moAsS LELL) 6N TO 2765 225Cw~}
WITTELINTAP) T3TA(K) (G (™, X)), My, ITTHPP) ?es
COTAPTIMRYAR ) eese
AYHY IFE(fOCON,LEL0) S0 TO 281¢C 2253
CN # ® » #» ARECNUPITE MEAN ANP STANDARD DEVIATION ® # & o 2 & 3 & » & o 2254
nn 2170 tRts1e 225%
Av(t, )30, 22956
CxFu{l,X)E0, 22%?
2TTC LN(T,X)30, 22%8
*rl 2259
1 2790 J31,mYRS 2260
Gn pTAQ Imi,12 ) 2261
havay 2262
TEvPEALOG (R (M, X)eDACT,K) )9 ,83829a8 2264
Ay (T,K)BAV(]I,K)+TEHMP 2264
Suk d{Y,4)BaxXF W (1, k)STENPae) 2265%
2780 Sn(T,K)ZSD(L,K)ISTE“PATENP 2266
279¢C CANTINUE 2247
In dAng 19g,12 2268
TreozAv(]eK) 2269
TeraasD(TN) 2270
THi (9D, K)=TEMPATEMP/ANYLS)/ (ANYRS®],) 2271}y
IF(THP LT .0s) TMFEQD, 227
AV(T,<)RTEMP/ANTYRS 2213
SO(I1,K)BIMP*e,S 22174
TupeIKEWLT,¥) 22718
SKFr(1,X)®0, 2278
16 (a0 (1,%) LEW,"005) 6O 10 2800 2e1?

Exntetr & sl




SKEWLT,R)B(ANYRSa#2aTNPed ,#ANYRICTEMP e THPAGR (o TENPRRY) 2278
170hNYRIECANY i3], I n(ANYRS=2,) 2 SO(I,K)wn3) 2219
286¢ Cmrrnue 2280
281C CNNTINYE 22414
LOTAPINOTAP 2282
Transsy 2283
IF(IRCON,LE,0) GO TN 2930 224
IF(NCSTY,BT.0) R0 TO t290 2285
[ PRIT ADJUSTED FREQUENCY STATISTICS 2288
232¢C VPITE(6,10) 2287
“RITE(6,2830) 2288
287¢ FDRMAT(/30H ADJUSTED FREGUENCY STATISTICS) 2299
WRITE (6,890) (MO(1),131,12) 2290
NN 2830 KINITYX,NSTA 2291
WOITE (8,1010) ISYA(K), (Av(],K),In],12) FEL P
ARITE (6,1020) (sN(1,K),181,12) 2293
IRITE (6,103n) (sxE4{I,%),131,12) 2294
ARTTE (6,1040) (0R(I,K) 1R1,12) 2295
2R6C CONTIMUE 2296
c PRINT CUNSISTEMNT CORRELATINN HaTRIX 2297
TrRMgaY 2298
60 7D 2170 2299
2A50 1 (IPCNS.LE.O0) GO YO 2370 2300
c PUNCH FPEGUEMCY STATISTICS 2304
20 28860 K=NSTAA,KSTA 2302
YRTITELT,B0)T8TALK), AV(T,X),13,12) 2303
WRTTE(T 803 15TA(K), (SC(1,%),1%1,12) 2304
WATTF(T,80)T5T8(K), (SKFWw(T,K),13},12) 2308
LRITE(T,90)TaTA(KY (DG (1,K)»I51,12) 2306
28kt CANTYINUE 2307
c COMPUTE COMBINATION FLOWS 2308
c 2309
ARTC IF(NCNMR LEL,0Y GO TO 2910 2330
[THPBI2aNY0S21 2311
bn 2900 N32,1THP 2312
2 AR%0 KX, NLOMA 2313
K=K Y+NGTA 2314
ITFansTAC (kX,IPASY)
v ,x)20, 231é
Cn 2880 |8y, TTP 2317
ITEvRsngTAC(rY,L,IPASS)
20RC M, M)YSALN,X) G, ITEFPINCATAC(XX,L,IPASY)
2R89¢ CnrTINUE 2320
296 CNLTINYE 2321
c 2322
€N & % » & & « MAX AMD NIN RECCASTITUTED FLOWS # # & # « o 2 & # & & % o« 2323
291¢ =0 2324
(rTeNg3y 232%
TF(HMXRCY,LELO) GO TO 2932 2326
ITrPENYRY 2327
A920 IF(TINMP LE, O) GO TO 293C 2328
LNENGY 2329
NIZMXRCY 23%0
ITvpIITMpapYRfS 2331
IF(ttne GE,NY GO TO 373¢ 2332
[TYPaMXRICS+ITHF 2313
CNER 4] ] 2334
{ruo=0 231
Gr TR 3730 23456
293¢ TF(IGNRLNEL2IGN 11 302¢C °337
C o % o o o & COMPUTFE GENERALIZED STATISTICSe & % & & ¢ 4 o ¢ ¢ 2 ¢ ¢ o 2333
AUTTE(B,130) 2339
NN 3000 xmi,4S8TA 2340
c AVFERAGE CNRAELATICN COEFFICIENTY 23ay
On 29%0 L=y, 23a2
LYzLeNgTA 2363}
KAV, )20, 2344
N1 2940 y®y,12 2349
TUPSRA(T,X,L) 2348
TF (L oGESMITHEIRA(T,KpLX) 2347
298C FAY(IK,L)BRAV(K,L)+THP 2348
RAVIK,L)aRAV(K,L)/12, 23489
»{9 ExmHinLT &




NOTTEL6,70)ISTACK) , ISTA(L) ,RAV(K,L) 2350
295¢ CNRYINUE 2351
¢ AVERAGE LNGY FNR WEY AND DRY JEASNNS 2392
AVPX(K)SAV(LT k) oAV (12,K)9AV(L,K) 23%3
Ry (K)=l 23%4
AVEN(KIRAVHX (K) 2393
IrnIR) =y ) 2396
THRBAV(LI2,K)+AV (14K #AY(2,¥x) 2397
IF(AVMX(K) JGF «THR)GO YO 2960 23%38
AVIY(KR)ITMP 2359
Inx(x)n2 2360
6n rp 2970 23614
206C AVMN(K)BTMHP 2362
Tun(x) B2 2363
[ A\D AVERWAGE STANOARD DEVIATION 2364
24970 SnAv(K)=SD(1,k)+s8N(_,K) 234658
Dn 2999 123,12 2366
SOAVIXKYIESDAV(K)+SDN(I,K) 2367
TMEZAV (T2, K)+AV(Ia],K)sAV(],K) 2368
TF(AvMY (K ,GE,THBIGO 10 2980 2359
AyMY (KYmTHP 2370
THx()al 2371
2940 IF(AVMNIK) JLELTHPIGO TQ 2990 2372
AVMN(K)nTHP 7313
Ina(x)a? 23714
299¢ COATINYFE 237%
Aumy (M)=Ayp X}/, 2376
AVSMN(K)SAVHN(K) /S, 23n
Nav(K)aghAvV(K) /12, 2378
3I00E COANTINYE 23718
nRITE (b, 1480) 2320
AN 3n10 xa1,%N8TA 238t
troatmy () 2382
1TYABIMN(K) R 2383
I01L ~PTYECSIt20) ISTALKY JAVMY(K) , AVMNIK) , SOAVIK) pHOCITR) ,MO(TTHER) 2384
C % % & a2 2 % APPLY GENERMLIZED STATISTICS® # & % a & & & 2 2 & & # & 4 23IARS
392¢ IF(UGNKL ILFE,.N)50 TO 31ae 2386
NN 3080 KSL RETA 2387
X=X eNSTA 2348
[ INTERFEDIATE HEONTHS 2349
Dy UNEBIMY (K ) @aTHX (K) @3 2390
TF (MHYHAN LT OINMXMNRNMXMN®L2 2391
SHAMYERONMYMY 2392
On 3089 1=1,12 2393
c STANDARD OEVIATION UNIFCARM, SKEW ZEROD 2394
SKEW{L,X)=D,. 2395
JS(T,K)=0,. 2364
S0{T,R)RI0AV(X) 2397
N 3030 L21,8TA 2398
c 2690 COARELATICON wITH OTHER STATIONG AND RRECENING MONTN 23489
Ly +NgTA 2400
SA(T,Kk,LxY30, 2491
IF(L.BE.X)GN Tg 3030 240
(o UNIFNULM SERTAL COWRREL INTERMEDJATE MCNTHS AND [MTER«STA 2403
Ea(T M, LY=uAv(X,L) 24049
SACT,L,K)32A(T,K,L) : 2008
3n%2 CnuTINUF 2406
TE(T R, KAYINAV(K,K) A407
HALT,X, k)], 2608
r04a¢ CNATINUE 2409
c ME At AND SERTAL CURREL, WET AND DRY SEAJONS 2410
TNPARAY (K 7)Y Pa1S 241
TErPpETMPe 3 2442
tFeTYMP GT, 935 THP3,98 2413
IF(TEMP,LT 0)TEMPRO, 2414
{TPeIHy (K]} 2018
AV(ITR,N)BAVIX(K)e, 24186
AITP, K, KX)RTENP 24817
[veatmx(r) =1 2418
1IF(ITP LT,1)ITP3YR 2419
AVITTP,KYIAVHX(K) ¢, 28290
IA(IYP, K, XA)STENP 2a21
EYMTEIT & »20=




IYAS MY (K) =2 2422
IFQTYP, Lr 1) ITH3ITP LR 2423
AV(TYP,K)SAVHE(K) =, 1 24248
NACTTP, K, kX)) =TEMP 20298
ITP=IMN(K) 2426
AV{TTP,K)ZAVUN(K) 2427
AACITP,K,KX)aTHR 2428
TrpaImunr) =t 2429
IFCITP LT, 1) ITPELR 2430
AV(ITP,K)BAVIN(K) 24311
RALTTP,K,KX)aTHP 2432
TTPIINNC(K) =2 2433
IFCTTP LT 1) ITPIITPeL2 2434
AVETTP,K)BAVMN(K) 2439
RALYTP,K,KY)aTHA 2436
c HEAYS FCR MONTNS FOLLOWING WET SEASQON 2837
TF(NMYMN,LT.1)G6N TO 3060 2438
TresIMx (k) 2439
TrMD2NMAMNGY 2449
TEMRI(AVMY (K)w, taAYMN(K))/TENP 244y
N X050 IXS1,NHXHN 2842
Tupa Y 2443
Tapnx(K)elx 24488
1F(1,67.12)1Ial~12 24345
NS0 AV(I,XISAVIITR,K)eTEMPRTNP 24846
[ MEAS FNR MONTRS FOLLOWING DNY SEASQON 2447
IO IF (NMNMY LY, 1)20 TN 3096 2448
1TPRINN(K) 2449
TErPINMNMY ] 2050
TERPE(AVNY (K} = 1mAVMN(K))/TEMP 245}
0 3070 IXT1,NMNPX 2482
TupsIY 2493
InInN(KY e IX 2454
IF(1,67,12)I=]at2 . PA4S5S
TOTC AV(T,KISAV(ITP ,K)*TEMPaTHP 2456
10AC CONTTINUE ’ 24%7
309C INKALSO 2438
1RCONSQ 24959
neoTo 17310 24460
310¢C IF(MYRGLLF,N AND NPROJ,LE,0,AND,NPA3S,LE,1) GO Tn |%0 2461 «
CP o » a &« # & FLOG GENEQATION EQUATIONS A & & & * o & 2 » o & ¢ ¢ » 9 ¢ 2442
NINDPENSTA 2463
WARINGTASY 24648
np 3200 131,12 24685
Ip=Te} 2468
tF (1P,LT,.1) IP312 2467
BN 3194 Kkx1,M8TA 2468
M 3180 L=1,48TA 2469
[ CNOHZFLATIONS IN CURRENY MONTH 2470
IF (L.GEX) N TO 3120 a4
HLGMVARY 3 NHLE(RALT,K,L)) 24v2000
nn 4110 LASL,NSTA 24713
LyTLA+NITA 2474
[F (LA,LT.X) R(L,LA)Y = RBLE(RA(I,L,LA)) 2675000
IF (LA.GEW4) A(L,LA) 3 OBLECRACT,L,LX)) ) 2478000
311C SeLA,L)3R{L.LM) 2477
60 Tn 3140 2478
c CNRNELATIONS WITNK PRECEDING NONTN 2479
312¢ LYzL+MN3TA 24A0
TEL,NVAR) 2 DHLE(RA(L,X,LX)) 2191000
N 3130 LASL,MSTA 2482
ALLLLAY = PRLE(RA(IP,L,LA)Y) 24mn3000
TLIC LA, LYI3RL,LA) 21Aq
134¢ CNNTINUE 2488
c AxEIsRa333 248b
CaLL CRNUT(N) 2487
¢ SIS ATESN ag‘.
Op 3150 LB1,M8TA 2489
118¢ FTA(T,N,LYmN (L) 2490
IF(nTPYC,LEs1.) SO YO 3170 249}
whITE(6,3160)1,X,DTRMC 2492
Y16c FARPAT (3aW INCOMSTITENT CCRREL MATRIX FOR 13,I3,4n xa,12, 2493000

2l EXYMIBIT o




174 OTRHS®,Fe,3) 24584000
ItANgs2 2499
an rg 1730 2496
Y17¢ IF(NTRMC,GE,0,) G0 TO 3140 2497
SHITE(S,70)1,%,DTRNG 2498
arRuCEQ, 2499
JIAC ALCFTLIK)IZ (L oDTANC) 2,5 2500
319¢ CNANTINUE 25013
320¢ COANTINUE 2502
€ o ¢ o @ % 8 GENEAATE FLOMS & # & 2 # # % & # % & & & ¢ ¢ % 4 o # o o 2503
[F(NPASY LLE,1) Gu Tt 32490 2504
321¢ IF(LSTAT,EG.nSTATY GO Yo 3220 2503
IFEAD (18YAT) 2506
LSTATELATAT 2507
53 Th 3290 2%08
127C -QITE(ISTATINATYX,NSTH, (I8TA(K) ,Ke},NSTA) 2509
CATATIHATAT S 2510
LSTATaINGTAT 2511
N 3230 x=1,NATA 2512
ADTTECTSTATY TSTACK), CAV(I,X),8NnC1,X)s3KEW(I,K)IDACT,K), 2513
1 (RETACT, X, L), Lul,N8TA),ALCFTLL K)213Y,12) 2514
3235 VATATINITATHY 2513
LATATENSTAT 251%
TELTPASY LY nuPA33) GO TN 200 2517
324c Ja=y 2518
IDA853Y 2519
n&Q 2520
ez 25214
1P (NPROJLLE,D)Y GO TO 3310 7522
€2 & o & # ¢ # PINJECTED FLOW SEBUENCES & & & % # & & & & a & ¢ & » ¢ ¢ 2523
I25C JASTYRPJeIYRA 2524
LISLYRP IS TYRA 2529
IR 40 F ] %26
TTPIHTHR JeIMNT He] . 2927
IFCITR NELO) GO TQ 3260 2528
rrvezll : 2529
P61 (ITPLLT.LYY ITPSITP+L? 2534
AT (JAm] )t 2l TP ]ITHP 2532
Lno3P90 KRt,MTTA 2533
15 (SPLITP,X) . E7,0,.00,MA.EN,1) G YO 3290 2534
s AL (HA,K)20N(TTF,X))e,a4342943 2538
GPEEVR)T(TFPeAVIITR,K))/SD(TITP,x) 2536
IF (SREWN(ITP,K),F0,0,) GL 0 3290 2537
THEYPa,5eSKEW(ITH, K)aQPREY(N]) V], 2538
Tulet, 2539
Te (TEMP GE.N,) GO TO 3270 2%10
FErpEfaYEMP) 254y
THAT (wTHP) 2%4a2
3270 GETFYKIRS, @ (TIPaTEMPRa(1,/3,)1,)/8KEN(ITPIK)+BKEN(ITP,K) /6, 2503
Lot 3290 2544
3280 ouFy(XYeO, 254%
3125 COSTINYE 2548
JYSTYRRPJe] 2%47
[ N = SEIUENCE ACqyp M 3 MONTH NQ,0 JX ® YEAR NC, 2548
33INC izned 2549
ot 10 3330 ' 25%0
c LTALT 4ITH ZERP OFVIATION AT ALL STATIONS 2531
331¢C 7~ $320 xBL,k3TA 2952
132¢ neEvix)s0, 24993
[+ RENEQATE 2 YEARS FOR DISCARDING 25%a
vyze 2595%
Jyze2 25%¢
33%¢c IF(moAg9 LELL) 6 TO JucC 29557
1P (1PASS ,67.1) 70 TO 33ac 2%%8
PEATAC ISTATY 29%9
ATAPSQ 2560
{g14pag 2561
I38¢ wFE.IuN IQTAP 2%62
LITAPEY 2563
CEANCISTATIVATXX,NITA, (TSTA(K) KBy, NSTA) 2568
LYIYENATYR] 2309
15 (N8TXLLELO) GO YO 3380 2968

EYHIHTIT ¢ agw




3I39¢

ITenRNal2e)

3N 3370 k=1, M8TYX

IF(IPA3S,.LF.1) GO TO 3360
GEAD(INTAP) ITEMP, (O(M,K),»32,1TP)
LATAPELATAR ]

TF(IYEMP NELISTA(K)) GU TR 3350

2se?
2968
2589
2570
2871
2572

3360 LEADCISTAT) TP, (AV(T,K), 8P (1.K),IKEWCTPKS#OUL2,1], (BETACL, K, L), L8] 2573

337¢
3380

1,NSTAY ,ALCFT(L1,K),I®1,12)
CArYINUE

AN 3390 KINSTXX,NSTA
ISTAPSISTAP Y

TF(N,GT,0) UPREV(X)EOSTAP(TSTAP)

2574
2579
2376
28717
25798

3390 <o ANCISTAT) 1P, (AV(I,X),SPCE,K), 9KEW(IsX)s0RCT, X)) (HEYACT,%,L),L81 2579

CR ¢
N

LY,
1420

343¢C

3642

Tuse
LTI

3a7¢

Iaan

e
Isne
LR NS

tLED

IYar
355¢C

1,48TA) L ALCET(T,K),I31,12)

2580

v s n % » GENEPATE CORRFLATED STANDARD DEVIATE # & o o « & o » ¢ ¢ 2508}

IF(TPASY ENL) JXTHPaJX
NEOMRBMCOMA(TIPASS)
LTADMERMTIND(IPASS)
0N 3420 Ku1,"87A
an %410 131,12
Lyg(l,x)ED,
50v{l.K)=0,
noLTINUE
CANTINUE
IF(M LE,0) 60 10 3449
~RITE(9,190)
WRITE (6,3430) N
FranAT (27H GENERATED FLCWS FOR PERTND,13)
15 (NPA3S,GT,1) WHRITE(K,2690) IPASS
nn 1510 JZJA,NJ
B SPTIRCERED]
"n %500 131,12 .
mual
IF(MSTY.LE,0) GO TG 3460
Ny 3480 x=f,u87TX
IREFY (KY=R (M, ¥)
¥ fMLLE, Ha) GC YO 3560
N 1490 KSUITYXX,E8TA
RANDNM COMPQONENY
Yeres0,
1Y 4470 L31,k
TEvpPITEMPOYNAFN(TIXX)
TFrepsYEADe sunbh (T XX)
TEMPETEMPOALCFT(I,X)
Jn S4R0 LLEY,NSTA
TELPITEMP+ M YA (], K, L) eGRREV(L)
G T, X)SAVE (T, K)+TEMR
S (T K)ASOV Ly KIS TEHP R TEMP
Crm,KYSTYEMP
TWRFYLK)I=TEND
rosTINGE
Cor TINYE
CantINyE
IF (P98, LELL) GO TA 35%Q
TE(LATAP En,NTAP) GO TC 3530
LEAD (INTAR)
ILOTAPRL QYA &y
SN TN 3520
Trp=ntatldet
["T4P3TATAP = STASKSTY
Tn T840 KE=LATYL,8TA
SITECINTARY ISTA(K), (O(N,K),N32,ITP)
SITAPBNOTARS|
17TAPSISTAR S
IF (18TAp AT K3TAR) CO YC 14O
LATAR(ISTARY=A(TITP,K)
ANLPRENTeJAS
2R INT0 KEXLSTUX,NETA
15 (NJeJXTHP T, Q) NALTE(6,2660) (NOCI),181,52)
LY Y960 pey, 12
MG ET K)YSAVG (L, X)/7ANLEG
S“vfIcK\l((3£v([.K)-Ayu(x,y)..:'thOG)/.NLOG)"QS

*23e

2382

2583
2584
29545
2586
2587
2588
2589
2%90
2591
2592000
2593
2594
259%
2596
2597
2694
2599
260°¢
2601
2602
2603
2604
2560%
26CH
2607
FLLT]
2609
2610
2611
2ole
2613
2614
2619
2b16
2617
2618
2619
2620
2621
2622
2623
2628
2625
2026
2627
2628
2629
2630
2631
2632 o
2633 o
2634
2613%
2638

EYmIBIT &




¥%46n cANTINUE
JeaJgxYN?
nn te6Q JBJA,NJ
Jyajx+y
raidntwlt
1€ (JX LEJO) GU t0 3660
1tPa0
3680 151,42
AnMey
tF (M,LE,MA) BC TN 36Q0

c TRAHSFORM TU LCG PEaRaon YYPE 111

TUPRSKEN (T, K)

TP CANLOG BT 19, AND 3DV T *) 61,00

] NENRIBLOLHIKYmAVG (T, K)) 78DVT,X)

IF LTMPLERLN,) GC TO 36ce

VARIATE (FLO¥)

wWITHDREW

THRS((TERa (AN, K} aTHP /6, 146,41, 00} w11 *2,/THP

TEMRS (=2 ) 273KEN(T,K)
(P ISKEWLT,R)) 39540,3600,3%90
TFAC (F(THR,GTTENR) TRPETENP
“inoTo 3610
£590¢ (F(TMR LY, .TEMR) TNPuTENP
nn Tg 3640
FRAC THPRA(M,K)

1610 I[F(TNB 67,2, AN, 80(1,K) 67,,3) TrPa2, o(THPe2,)Y, 3/8D(1,%)

THFITHR«QD (T, K )44V (],%)
1M KIZLI e TMP NG (], K)
tTYRENSUM (X 1P A83)
[F(TTMPLELQ) GO TO &3¢
TFupeQ
211 3620 31, 1THP
LYsIsT(K,L,In449)

2L TEvRRYEMPeg{MelX)
(F(A(MaK)} LT, TEMP) NN, )ISTEMP

ARTC IFIN(MK) JLT PuaANDLOMIN(ToK) 4GE WD) 0(“0‘)'0- .

THAC TLTIRNIM,K) 2,5
[TRRITPSINCE)
Th%¢ CONTINUE

[n(13latep

NSTTE (h,100) I8Ta(X),Jx¥,(I002),121,13)

IFCteCHA,LE,0)GN TO 38860

CETTECT,2730) ISTA(K), JX, (190(8),181,33)

IbHC CANTINYE
AINTE UrLTINYE
IFENEMHA,LELN) Rp 7O 3720
ne 3Ty J3IANY
z1Pel=1y
rm 3700 =12
'aNg)

¢ COAPUTE COMUINATINN F) 0wy

fin 389N KY31,NCONR
KzaysNgTA

[TRENSTAL(KY, [PA3Y)
WM, KYBD,

cr IeAD L1, TYP
TYFumakITAC (K L,L,1PA3Y)

LL ‘(".Kitf(*,ﬁy‘o(ﬂ.lYEFP)ac.YAC(xx LyIPASY)

AN ConTINGE

V1ne CrntIRy®

171r ARt INYE

3728 [F(R LY NERNIY GO 7n Je2%a
IF(NVNXF LELNYIGO TO $2a0

CR a & o & @ & MAXY ANN MIN GEAERATED FLOWS n ¢ @ R EEEE RN

IFCIXAE NG T4 3879

W ITHOREY

c SKIp FAXMIN [F KERAINING YEARS INSUFFICLENT
IF(IXLGT 0, AND NI,LYAY"XG)IGO 1O 152

[rrw880)
$373C STFRNSTASNCOnA
nn 3800 xaNITYX, TP

[ Max CALENDAR #C 112, MAY MO §3, 6<M0 14, 34eMD 19

bn 3780 34,13

EYHINIT &

w2ije

2638
AbA0
2644
2682
2h83
2684
2609

“-s me
“-v v

2687
2648
2649
2650

2651
2692
2635
2654
265%
265»
24387
26%8
2659
2640
2b8}
ebbe
2663

2bbb
2607

2669
2670
2874
2672
2673
2674
267%
2676
2877
2673
2679
2680
26814
2682
2643
2684
2689
2685
2587
20h8
2689

2691
2692

2699
2698
2697
26908
2699
2100
210
270
2703
2104
2703
270e
2707
2703




c

c

374c

378¢

1740
7
378¢
3719¢

3409

3610

$h2¢

m]9¢

38hC

347¢

L LLD]
389n

SHACL,KImeT

MIN CALENDAR NHC 1h«27, HIN MO 28, beuQ 29, Saeng 30

"n 37%0 ta1é,30
SHN(T,K)mY

THP 3 haMD, TEVP 3 S4em0 VOLUME, TMPA B jang
TEMOERN,
TMPBO, )
AyGR(K)=0,
NDEO
LE'SY
IF(ITANS ,GT,0) M=(Nel)aMXRCSe)20}
NN 3790 Jmi,nd
N 3780 1m1,12
ISERLIY ]
Mamey
THRAII(M,K)
YYGA(K)SAVGA(K) +THPA
NAINDeY
IF(THPAGT , ,SHA(T,KIISHA(L,K)sTHPA
IF(THRA LT 3N (IX,)K)ISMN (X, K)ZTHPA
TFLTHBAGT, I10(13,K))SNA(13,x)=THPA
IFLTMBALLT IMN(28,K))SHC(AB,K)STHPA
THMRPITHMPSTMPA
TEMBSTENPSTNRA
IF(M,LT,8)60 TO 3760
THR2THPap(H=h,X)
TF(THP ,61,842(10,K))SN0(12,K)BTMP
IF(TMP LT,aM0(29,K)I8MG29,K)BTHP
IF(M,LT,56)00 10 3770
TFPoYEMPwg (tvSU,K)
TE(TEMP 6T ,Sn2(15,K))8MC(15,k)aTEMP
TF(TEMP LT, 840 (30,K))SHN(30,k)TEMP
an T 3TA0
irn(1a,K)srmp
38 (19,K)BTENP
CANTINYE
CONTINYE

AVERAGE MONTYHNLY FLOW
TFuPaNgD
IVGENLIKIBAVGA(K)Y/TF 1P
CONTINGE
0 lTF (A4,10)
TFCITRNS ,GToN)ARITE(H, 3850, NY
FERMAT (227TH MAXIMUM VULUMFY FQR PERIOD, 13,34 OF,1a,

1424 YEARS F RECOKDED AND RECNNSYITUTED FLOWS)

IF(TTRNI LEOINCITE(6,3820)N,NJ
TRSMAY (J27M 4AYIMUM VOLLMES FQR PERION,13,34 OF,1q,

125K YEANY OF SYUTHETIC FLIw3)

OITECH,810) (10(1),t88,12)
TYPINATISNCO i
M 1AdN KBNITXY,1TP
PYEMITAVGN(K) +,5
'n 3830 13,15
TA(I)SSMN(I N *,5
APTTE(H,B80)TATA(N), (100]1),12Y,15),2TEND
Crs PINYE
CNITECR,8%0)
WITECOsAIN) (40 (1) ,0%1,42)
SN BARD KENSTY(,LTP
Un ¢RSQ 181,15
INC)agun(1e15,%)14,5
nAITF(6,AG0)ISTA(K) » (TUC]),121,15)
CovTINUE
TRANSFFR BACK TO RECONSTITUTED FLONWS
IF(TTUNS,G6T,01G TO 292¢
N o8 NYMXG
“norn 3440
) 9 XKyR
IF(NPASS LELL) GC YO 39900
TRaetuIPASYe|
IF (N EN0,AND  IPASS,LE APASYYy Gu TO 3310
IF(TPASS LE.NPASY) GO TC 3349

w38

2709
2710
ars
et
2733
27149
tI4% ]
2746
2117
2118
27119
2720
2723
2122
2723
2724
2725
2726
2727
2728
2729
2130
2734
2732
2733
2734
2733
2736
27137
2738
2739
27480
2744
2742
2743
2744
2148
2las
2147
2148
2749
2750
2184
2152000
27153000
2154
27155000
2736000
2737
2758
2159
2760
27614
2762
763
2764
2765
2766
2787
2768
2769
27170
am
2172
27713
2774
277s
217%
amm
2778
27179
2780
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IPA833¢

[ G 10 NEW JOR

gar IF(NYRGLLELN) G TH 150

IFINIGT . HYIGINISNYRG
LYRBRNYRG=N]
tn oo 3300
END
SHBRAUTINE CrOUT(RY)
DIMENSION R{10),9C10,81),6%C10,81)
ONUALE PRECIJICN R,B,RX
ChvMAN OTRAC ,NINDP,B
ANVARSNINNP ]
o0 20 J31,NINDP
~{Ji=0,
N1 10 K3La VAR

1¢ “0SeXIBRY(JoNH)

2C CANTINUE
IF(NIMDP GT,1150 T9 3¢
1SR, 2)70(1,1)

DrrNCER(1) 4B (1)
TFTIURN
C # %t * 4 & % DEVIVED MATRIX % 4 & & % &« & 4 & % % 4 & & 0 & & & & & &
3¢ DY a0 Ks2,HNVAR

ar 1 ,KIRM(Y MY /R(L,1)

DR K=2,M1.4DP
I1TE=Kwt

Nt 60 JEM,uTaDR
G 80 T=t.1ITP
Lm¥eY

56 (), KYIBR(I,K)= (JeL)RR(L,K)
Ir(J.EQ.K) 59 10 60
UK, JYISREI,KY/R(K oK)

Ao CONTINGE
70 121, 1YR .
L3X=}

Tr A, MYARIE (K, AVARY = (L ,AVAR) 2R (K,L)
rEvpEDABS i {xaK))
JC(TEMP AT, ,000001) GO Tr 80
)T'-l-"CEl.S
SETURN

L R NVARY IR Cr ) AVAR) ZH (K ,K)

C % o2 o a o a % A AACK SOLUTION 2 & & 2 & & % & & & & & & & 4 &4 & & & & » @
CENTAAPY SR (MTNDP,NVAR)
"N 100 ¥a2,N1M0P
J3IMVARST
(121w}
tJIZR (I MVAK)
o9 8, 14
'(:J‘L
9r e 1YSR(IY V(K ) 2R (J,K)
19c CrsTInye
nrnngen,
D0 Js N INGE
116 S reMCs0TarC+ i (J) ewX (JoNYAR)
“ETUGN
NN
FPospETION RAGIN(TY)
CanNOM NGHAF.: SHIASYTTIVE FPR A RIAAQY MAUHINE

g WFREOATESY UNFCVE QARDCK NCMRERS [N THE INTERVAL 0 719 g
c TYANFQAL i'%akE I8 AS FRLLOWS
[4 V2ENREN(TX)
f {Y SHOULD PF IMITTALIZ?ER TC 7ERN tn THE PRQGHRAA
[ 1325 CAN RF aNY LAKGE, (L" INTERER
c CONATANTR 15T RE COMEOTED Ry FOLLC-ING EOUATIUNS
c 2 4 a9 N 12(2ea((Re1)/2))¢3 o * » @
[ a2 0 a 1CI23(20aR)ey "R I ]
c v 0 a8 FCHI3ZY,/(2,%9R) PR B B ]
c rHERE B® NY“AFr OF BITY IN TWE INTEGER wORD
c
LATA JARGZTSIA21Y
TF(IARGEN,IXY 6N TO 10
(¢S 1ARG
EYMISTT 8 Y1y

M

278}
2rée
2783
2184
2783
278%
2787
1001
1092
1023
1004
1005
1006
1007
1008
1009
1010
1011
to12
1013
1014
1019
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1039
1036
1037
1033
1039
1040
1041
1042
1043
1044
1045
1046
10647
10448
1049
1001
toce
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1018
1016




Tvety 1017
I6cN1E5777249 1o1e
15 TvstvelCnNng 1019
ICONa3RLUT78976T 10654 1020
TELIV,LLT,0) IYSIYSICONReY 1021
HNGENSTY 1022
FCoN3®,3552713678Ew14 1024
ANGHNSANGEuwFCONS 1024
AETHRN 10293
END 1026
w2le Elb'd” ]
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CARD VARIABLE

2.
3'

L,

7.

8.

10'

IYRA
TANAL
MXRCS

NPASS

IPCHQ

IPCHS
NSTA

NCSTY

EXHIBIT 7
INFUT DATA 723-X6-12340

COMMENTS

Three title cards, first must have A in column 1.
First specification card.

Earliest year of record at any sta:ion.

Calendar month number of first month of water year.
Indicetor, positive value calls for statistical
analysis routines,

Number of years in each period of recorded and re-
constituted flows for which maximum and minimum values
are to be obtained, dimensioned for 100.

Total number of years of hypothetical flows to be
generated.

Number of years in each period of generated flows
vhich maximum and minimm values are to be obtained,
dimensioned for 100.

Number of consecutive passes, each pass consisting of
& nev group of stations which can be correlated with
specified stations in previous passes, dimensioned
for 5. :

Indicator, positive value calls for writing recorded
and reconstituted flows and generated flows on Tape 7.
Indicator, positive value calls for writing stat-
istics on Tape 7.

Number of stations at which flows are to be generated,
not required if flow data are supplied. NSTA + NCOMB
(C-1) dimensioned for 10.

Second specification card.

Rumber of combinations of stations, the totals of

vhich are used to obtain maximum and minimum flows,
dimensioned for 2, 1If positive, provide D and E cards.
Number of tandem situations, compares sum of monthly
values of upstresm stations with dowmstream station

and adjusts 1if value is less than sum and that station's
value has been estimated or generated, dimension for 10.
If positive, provide P card.

Number of consistency tests. Adjusts standard deviation
of a dependent station in tandem with an independent
station to prevent frequency curves from crossing,
dimensioned for 10. If positive, provide G card.
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CARD VARIABLE

¢ (Cont'd)

4.

2,

IGNRL

IYRPJ
MTHPJ
LYRRJ

NSTAC

NSTAC
CITAC

ISTR
isrr

IsTX

Cole 2-4,
Cols 5-8,

Indicator, + 1 calls for resding generslized stat-
istics and using for generstion, + 2 calls for com-
puting generalized statistics from flow dsta and using
for genersation.

Number of projections of future flows from resent
conditions , usually O.

Year of start of each projection.

Calendar month of start of esch projection.

Iast year of each projection, number of recorded and
reconstituted years plus number of projected years
dimensioned for 100,

Identification of combination, NCOMB (C-1) sets of D
and E cards.

Kumber of stations in this cosbination, dimensioned
for 10.
Station number (NSTAC values).

Combining coefficients, NCOMB (C-1) sets of D and
E cards.

m as D‘lo
Coefficient of flow used for adding, corresponds to
respective items in D-2,

Identification of tandem situation, NTNDM (C-2) cards.
Station number of downstream station.

Fumber of upstresm stations, dimensioned for 10.
Station number of upstream station (NSMX values).
Identification of consistency test, NCSTY (C-3) cards.

Independent station number.
Dependent station number.

Flov data, cards in any order, omit 1if IANAL (B-3) is
not positive, follow all flow data cards by 1 blank
card (I cu'ds.

Station number
Year number.
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CARD VARIABLE COMMENTS
H {Cont'd)

3. Cols 9-14, 15-20, etc., Flow in desired units. Units should be
selected so generated flows will not exceed 999,999, Use -1 for
missing record. If record for entire year is missing, omit cerd
for that year.

I Card blank after Col 1 to indicate end of flow data,
omit 1if IANAL (B-3) is not positive.

J Identification of stations in previous passes to be
used in current pass, supply only if NPASS (B-7) is
greater than 1. The variables NCOMB, NTNDM, and
NCSTY apply to the current pass only.

1. NCOMB - Number of combinations of stations, the totals of
r which are used to obtain maximum and minimum flows,
dimensioned for 2. 1If positive, provide D and E cards.
2. NTNDM - Number of tandem situations, compares sum of monthly

values of upstream stations with downstream station

and adjusts if value is less than sum and that station’'s
value has been estimated or generated, dimension for 10.
If positive, provide F card.

3. NCSTY . Number of consistency tests. Adjusts standard deviation
of a dependent station in tandem with an independent
station to prevent frequency curves from crossing,
dimensioned for 10. If positive, provide G card.

4, NSTX - Number of stations from previous passes which are to
be used with the additional date in current pass as a
means of maintaining consistent flows between groups of
stations, number of stations from previous passes
plus number of new stations dimensioned for 10.

5. ISTA - Station number of station in a previous pass which is
to be used in current pass (NSTX values). Must be
in same order as stations first appear.

Note: Flow data for current pass supplied as described for H card sand
follow data with & blank card (I card), supply NPA3S-1 sets
of J, H, and I cards (also D,E,F, and G, if necessary) when
NPASS greater than 1,
K Preceding-month correlation coefficients for first
station, omit if IANAL (B-3) is positive (NSTA cards).

L. ISTA(K) - Cols 2-L, Number of first station.

2. IsTAa(L) - Cols 5-8, Number of station from 1 to NSTA (B-10) on
successive cards. If IGNRL (C-L) = 1, only first
card is used.

3. RA(I,K,LX) - Cols 9-1b, 15-20, etc., Correlation coefficients for
successive months between flows at first station and
preceding-month flows at stations from 1 to NSTA (B-10)
on separate cards. If IGNRL (C-h) = 1, only general-
ized coefficient (in cols 9-14) is given.
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CARD VARTABLE COMMENTS
L* Current-month correlation coefficients, omit if IANAL

(B-3) is positive, (NSTA-1) pairs of L and M cerds.

1. ISTA(K) - Cols 2-4, Number of station, progressing from K = 2
through NSTA (B-10) stations on different sets of L
and M cards.

2. ISTA(L) - Cols $5-8, Number of station, progressing on different
cards through all stations from L = 1 to K-1.

3. RA(ILK,L) - Cols 9-14, 15-20, ete., Correlation coefficient for
each successive calendar month between flows at station
K and concurrent flows at station L (12 items). If
IGNRL (C-4) = 1, only generalized coefficient in cols
9-14 is glven.

[ M* Preceding-month correlation coefficients for remaining
stations, omit if IANAL (B-3) is positive. Paired with
L card.

1. ISTA(X) - Cols 2-4, Same station number as on corresponding L
card (L-1).

2. ISTA(L) - Cols 5-8, Number of station, progressing in same order
on different cards through all stations from L = 1 to
NSTA (B-10). If IGNRL (C-4) = 1, only card with L = K
is used.

3. RA(I,K,LX)- Cols ¢-14, 15-20, etc., Correlation coefficient for each
successive calendar month between flows at station K
and flows in preceding month at station L (12 items).
If IGNRL (C-4) = 1, only generslized coefficient in
Cols S-14 is given.

N Generalized frequency statistics, omit if IANAL (B-3) is
positive or IGNRL (C-4) does not equel 1.

1. ISTA(K) - Cols 2-8, Station number for NSTA (B-10) stations on
successive cards in same order as supplied by L cards

(L-1).

2. AVMX(K) - Cols 9~14, Average mean logarithm for wet season (3
months ).

3. AVMN(K) - Cols 15-20, Average mean logarithm for dry season (3
months ).

4, SpAv(K) - Cols 21-26, Average standard deviation for the 12 months.

* Sets of L and M cards are required for each station from K = 2 to NSTA.
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CARD VARIABLE
N (Cont'd)
5. MoMx(x) -
6. MOMN(K) -
0
1. ISTA(K) -
2. Av(I,x) -
p
1. I1sTa(x) -
2. &(1,K) -
Q
1. 1I1SsTA{k) -~
2. SKEW(I,K) -
R
1, 1sra(k) -
2. DQ(I:K) -

Five blank cards with A in

COMENTS

Calendar number of last month of wet season.
Calendar number of last month of dry season.

Mean logarithms, omit if IANAL (B-3) is positive or IGNRL
(C-4) equals 1.

Same as (M-1).
Cols 9-14, 15-20, etc., Mean logarithms for successive
calendar months.

Standard deviations, omit if IANAL (B-3) is positive or
IGNRL (C-4) equals 1.

Seme as (M-1).
Cols 9-14, 15-20, etc., Standard deviations for suc-
cessive calendar months.

Skew coefficients, omit 1f IANAL (B-3) is positive or
IGNRL (C-4) equals 1.

Same as (M-1).
Cols 9-14, 15-20, etc., Skew coefficients for suc-
cessive calendar months.

Flow increments, omit if IANAL (B-3) 1is positive or
IGNRL (C-4) equals 1,

Same as (M-1).
Cols 9-14, 15-20, etc., Flow increments for successive
calendar months.

Col 1 of first should follow last Job.

Note: Cards K through R are not required if cerds H and I are supplied. Cards
K through R are as punched by computer when IPCHS is positive.
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EXHIBIT 8 °
SUMMARY OF REQUIRED CARDS
T23-X6-12340
T card ~
1 e Tesd) L]
NPASS-1 [ 4 MSee H carg) ~
sets (1) e
' Jd COMI!S NTN'D}E NCST'lf NSTX[ISTA ]ISTA ] .o NSP( Valres L )
(01 cardlatterlall d.rta ’ | | | l
(1) = Q@ Q@ Q@ Q Q (12 Values) format 2I4, 12F6.0 .
] l 1 ] )| | L i
cards @ i T R T R R R St
NTNDM NSMX ISP ISTT...... NSMX
cora ¥/ T TR OV ) 4 J
....'m
o E . Ac‘cs'mc[cs'mc' ! AC'Value[ L : \
sets D {iSTAiLISTAClISTACL.....INSTACJVal\B7 I 1 l w JJ
NTNDM 1 NPROJ IYRP. 4
c wcomaL luc:frrchum.l K JIWJLLYRPJI | I
B lm'-rﬂLl:mm.lmxar:sL mlmINPASSLmHQ[msL IS‘.:A J
OUTFUT TITLE CARD
A U S D ot st N A S g 11114
A Ly fpremmseA® /
A Wmcm ) )
y
)

\- _J

Notes:

(1) Supply only if IANAL (B3) is positive. Repeat § card for each
station-year of data before supplying 1 camd.

1
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SUMMARY OF REQUIRED CARDS

Continued
T23-X6-12340
| { | | | | | 1 | \W
| | | l ] | | | ] 7
1 | | | | 1 1 { 1 —
| | i | 1 | | | ]
A S Bllank calrds wilth A in Col 1 of first cause STOP )
DQ.l DQl ..... l (12 Vlalues l) | |
ISTA SKBW SKBW ..... (12 Values) omit if IGNRL (Ck) = 1) )
NSTA sets (4) ] ] ] |
P SD SD siese (12 values) Y,
| | [ | 1 1
0 AV[ Avl ..... (12 Vrlues) \ | | h y,
(4) N A Avmxl AVMNi SDAVi MOMX MDMﬁ l | ) b
/”'M A(K) ISTA(L) RA(1,K,LX) RA(2,K,IX) ..... RA(12,K,IX) ) y
(2)(3)(4), N . Cards for L from K to NSTA . .
;L Ta(k) ISTA(L) RA(3,k,L) RA(2,X,L) ..... RA(22,K,L) ) y
{. c L -1
(2)(s) x Ta(1) 1sTA(L) RA(1,K,LX) RA(2,K,IX) ..... RA(12,K,IX) ) J
Cards for L from 1 to NSTA
|/
JJ
Y
’

\_ _

(2) L designates correlation with current month and LX with preceding month., If
IGNRL(C4) = 1, only one (generalized) coefficient is given following station
numbers on each card and only 1 K and M card is used for each K station, with
L = K. Use same format as H card.

(3) Repeat set of L and M cards for each K station except first.
(4) Omit 1f IANAL (B3) is positive.
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